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1. General : The topic of “ Investigation into the march of transpiration 
and the water requirements of crops under dry farming conditions in Rohtak, 
Punjab,” which forms the thesis proper, has been divided into twelve parts. 
Part I deals with ‘the problem’, ‘review of literature’ and ‘methods and mater¬ 
ial . Parts II to \[ relate to the results obtained in the different experiments ; 
each ol these parts is complete in itself with explanation of the results, dis< uss- 
ion and conclusions. Part XII gives a brief summary of the whole study 
and general conclusions. A list of references, cited in the thesis, follows Part 
XII. The Appendix contains original detailed data of all the experiments. 
The Glossary deals with the vernacular names and other terms used in the 
thesis. Figures and Plates follow next and a list of research papers by the 
author completes the thesis. These details are indicated in the ‘Contents’. 

The author has duly acknowledged in the beginning the help, received from 

individuals or bodies, in the form of facilities, permission, suggestions and 
assistance. 


2. Importance of the investigation : (a) Almost for the first time in Tndia, 

necessary facilities for a comprehensive study of the problem over a number of 
years were made available through the munificent grant by the Imperial 
Council of Agricultural Research, India, to the Punjab and Bombay Dry 
Farming Research Schemes. Leather had the necessary facilities at Pusa, 
Bihar, North India, but carried out a similar investigation over a few years 

( 1 907-’10). They were preliminary investigations conducted by a Chemist 

Later workers neither had proper facilities nor studied the problem for a 
sufficiently long period to obtain useful and reliable information. 


(b) Only one crop plant, Juar (Andropogon sorghumj, was studied in detail 

at the Bombay Dry Farming Station, Sholapur. Both the edaphic and the 

climatic conditions as also the cropping season for juar at Sholapur are altoge¬ 
ther different from those at Rohtak, where the Punjab Dry Farming Research 
tat ion was situated. The latter represents a large area in Northern India, 

bordering the Rajaputana desert where crops depend entirely on rainfall 
which is low. 


(c) Several important crops and their strains were studied in detail durins 
t ie period 1936-’43, at the Punjab Dry Farming Research Station, Rohtak 
ranspiration and water requirements of Bajra (Pennisetum typhoideum)^ 



iv 


Moth (Phaseolus aconitifolius) and Taramira (Eruca. sativa) were studied for 

the fiist time, not only in India but elsewhere too. The investigation on 
4 mixed crops’ can also claim priority. 

(d) The information gathered in the present investigation should be of 
great value to crop husbandry, not only for the rain-fed areas in the Punjab 
but also for those in the neighbouring states of Uttar Pradesh (former United 
Province) and Rajasthan, particularly at the present moment of food crisis. 

(e) I he results on march ot transpiration by wheat under different environ- 
mental conditions should be useful tor irrigated areas, in deciding the time 
and amount of irrigation. 


(f) A fresh orientation is given to the interpretation of the results on 
water requirements ot crops. It was noted that the early maturing crops or 
their strains possess higher water requirement than the late maturing ones; 
similarly the deep-rooted crops compared to shallow-rooted ones. Thus crops 
or their strains with relatively higher water requirements can be selected for 
dry-farming areas, as the plants are apparently drought-escaping or drought- 
enduring. This view is opposed to the earlier unsuccessful attempts in 
selecting crops or strains with lower water requirements for dry-farming 
areas. 
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Introduction : It looks odd, perhaps, to submit a thesis, in the year 1951, on 
the century-old, weather-beaten topic of ‘ Transpiration and Water Requirement,’ 
in view of the modern fashions in physiological researches: Trace elements and 
Tracer elements, Growth-promoting. Growth-retarding, and Flower-forming hormones, 
biochemical ‘ blocks ‘ in the enzyme-controlled chain reactions of photo-synthesis and 
respiration to understand their mechanism, etc. However, the problem of ‘water 
relations of plants’ still retains its importance both in its theoretical and applied 
aspects. Like many physiological problems, it has almost passed over to the hands 
of the ‘allied’ scientists, the soil physicist, the meteorologist and the ‘irrigation’ 
engineer. The physiologist's plea that the plant is a factor, rather the chief factor, 
in physiological problems is easily overlooked by the other scientists, because the 
plant has not revealed even a few of its secrets to the physiologist; it is as elusive 
as the proverbial eel, and is not easily controlled. The environment, however, is less 
stubborn, could be moulded to a certain extent b\ r the respective scientists, who thus 
manage to win the ‘laurels’. The physiologist is partly to be blamed for this state 
of affairs, as, frequently, due to ignorance of the allied sciences, he is forced to shut 
his eyes to the behaviour of the plant in its normal habitat. Recent attempts at 
‘ team-work ‘ have been partly successful, the failures being due to human weakness. 
But collaboration is the only and best method of tackling physiological problems. 
Even so, if each worker has the basic knowledge of the other sciences, an inclination 
to pick up more and a strictly unbiased mind, progress should not be difficult. 


Research experience of the author : After graduating with a B. A. (Hons.) decree 
(Botany as main subject and Geology as subsidiary) from the Madras Universitv 
Botany Laboratories on problems relating to ‘ absorption and transpiration ’ under 
the guidance of Dr. T. Ekambaram, M.A., Ph.D. (Cantab). The author was awarded 
in 1933 the M.Sc. Degree of the Madras University for a thesis submitted on the 
above problems. The thesis was published in two parts in the Journal of Indian 
Botanical Society (1933, 1935—Nos. 1 and 2 of the appended list.) 

During 1933- 36. he worked in the Chemistry and Agronomy Section of the 

Institute of Plant Industry, Indore, Central India, where he studied problems relatino 

to crop physiology. He gained the basic knowledge of soils, statistical methods, and 

crop husbandry. Papers relating to a few of the topics studied, are indicated in the 
appended list (3 to 7). 

As Plant Physiologist to the Punjab Dry Farming Scheme during 193ti-’43 
be had an opportunity of applying his previous experience, in understanding the 
physiological aspect of Dry farming with particular reference to conditions Fn the 
oouth-eastern Punjab. Results on one aspect of the problem, ‘Transpiration and 

Water requirements of cropsare submitted in the present thesis. Papers. 8 to 13 

of the appended list relate a few more studies. The paper on ‘Moisture relations 


between soil and plant at the permanent wiltine stave’ CNTr, ,• , v . 

ye, bee„ pushed. Beside, ?he above, *3 

etc., were carried out on different crops in the various aeronnmwT^ S3 T 
the results were included in the Annual Reports of the Research Station.^" 8 


The thesis: 
the thesis. 


The author wishes to draw attention to the following points in 


1. The thesis has been in preparation since 1943, as it could be taken un onlv 
at intervals due to pressure of other work. Every attempt has been made to maintain 

J' i The theSiS haS beea written >n parts with a view to publish the same first 

But the large amount of data precluded all attempts at condensation to meet the 
present-day requirements ol publica,ions. Brief accounts do not enable a clear grasp 
of the problem particularly with the large amount of variation in the results from 
year to year. So, the whole data have been submitted now, without withholding 

Zr'ZyZTZv attempt haS beCn made t0 the variations where" 


IV anH U vf° f he la T am0UDt of ( ! ata available for Some of the parts (Parts JI, 
I\ and \ ), frequent summarisation has become 

repetitive. 


Ill, 


necessary and apparently 


Am , C ° nclu T nS . cou| d not always be based on statistical interpretation. 
Although hve leplications were usually maintained and all possible care taken to 
minimise experimental error, variation between the replications is faiily hi«h for 
certain observations. Consistent and fairly large differences were depended upon for 
definite conclusions. It is interesting to note that, although the replicates did not 
visibly show much variation, quantitative data indicate large plant-to-piant differences 
inspite of all care regarding purity and uniformity of seed and other experimental 
conditions. Increase in number ol replications alone can avoid this difficulty bv 
bringing down the standard error. ‘Physiologically’ true-breeding strains may solve 
the difficulty. But physiology of growth and development is perhaps more environ¬ 
mental than genetic. Inheritance of quantitative characters, of disease-and drousht- 
resistance is still to be explained inspite of the wonderful work of Mather and Darlinv- 
ton. The discovery of the ephemeral accessory chromosomes, the schemes suggested 
by Darlington and Mather to explain the inter-relationship between aenes and the 
environment recent knowledge of cytoplasmic inheritance, and the general tendency 
on the part of the orthodox geneticists to take into consideration Die exceptions or 
variations to their general laws, may soften up the violent vituperations of Russian 

breeders led by Lysenko against the Mendel-Morgan School. The phsiolomst if not to 
be swamped altogether by the ‘ stable genes. 


Agra College , 
Agra (India) 
August 15, 1951. 


I. M. RAO, 
Lecturer in Botany. 
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PART I 


INTRODUCTION 


General : South Eastern Punjab (be¬ 
fore partition of India), comprising the 
three districts, Rohtak, Hissar and Gur- 
gaon, depends almost entirely on rainfall 
for growing crops. The area under crops, 
irrigated either by canal water or by wells, 
forms an insignificant part of the total 

area under cultivation. The rainfall of 
the tract is low (15 to 20 inches on an 
average per year) and is characterised by 
extreme uncertainty and a highly erratic 

distribution. Long intervals of rainless 
periods with hot dry westerly winds are of 
common occurrence during the cropping 
period, resulting in frequent crop failures. 

According to the data given in the Punjab 
District Gazetteer, famine conditions pre¬ 
vailed in the Rohtak district more than 


ten times during the last century. The 
recent one occurred during 1938 - '40. 
During this period famine conditions exist¬ 
ed in an acute form not only in the three 
districts mentioned above but prevailed in 
the adjoining areas of Rajputana and 
Western United Province (present Uttar 
Pradesh) where conditions are similar to 
those of the South eastern Punjab regard¬ 
ing crop-growing. 

The following figures are taken from 
the Report on the Season and Crops of 
the Punjab (1937. 1939) regarding the area 
sown to crops and the area where crops 
failed in the three districts of the South 
eastern Punjab, both under irrigation and 
without the same, in a normal (1936 — 
’37) and in a drought year (1938— 39). 


TABLE No. I. 1. 

Area under crops in the South Eastern Punjab during the years 

1936- 37 and 1938- 39. 


Total area in thousands of acres. 


Details. 


Percentage area 
failed. 


Sown to crops. 
1936-37. 38-39 


Crops failed. 

36-37. 38-39. 36-37. 38-39 


Irrigated. 

Un-irrigated. 

Total. 

Percentage of un-irrigated 
on total area. 


853 

4214 

5067 


8 3 S' 


1023 

2290 

3313 

70t 


33 

1500 

1533 

98 % 


O/ 

/O 


278 

1981 

2259 

88‘V. 


4 

36 

30 


Of 

/O 

27 

87 

68 


About 80°o of the cultivated area 
depended on rainfall for growing crops, 
the total rainfall received during the two 
years, 1936-’37 and ’38- 39, was 23.49 
inches and 9.68 inches respectively. The 
latter was a famine year. During the 


foimei year, the area under irrigation 
where crops failed, was only 4°,., but it 
was 36'„ for the un-irrigated : in 1938- 
'39, the percentages were 27 and 87 res¬ 
pectively. These figures clearly indicate 
that water is the limitting factor for 

crop-growth in this tract. 


In order to evolve methods for growing 
crops successfully under rain-fed condi¬ 
tions in the locality, work was carried 
out in great detail at the Punjab Dry 
Farming Research Station, Rohtak, on 

soil, physiological and agronomical aspects 
of the problem. One of the main objects 

of the physiological studies was to investi¬ 
gate the march of transpiration and water 

requirements of different crops and their 
types under varying environmental condi¬ 


tions in order to test their suitability to the 
tract. These experiments were conducted 
in pots during the period, 1936-’43, and 
the investigation forms the subject of the 
present thesis. 

Location of the Research Station and the 
climate : The Research Station was situa¬ 
ted near Rohtak which is about forty 
miles to the south-west of Delhi. The 
monthly rainfall for the period, 1936-’42, 
is given below: 


TABLE No. L 2. 

% 

Total monthly rainfall in inches during 1936-’42, as recorded at the Punjab 

Dry Farming Research Station. 


Month. 

1936-37 

37-38 

38-39 

39-40 

40-41 

41-42 

Mean. 

June. 

5.44 

2.56 

2.59 

2.79 

1.26 

2.99 

2.94 

July. 

4.61 

6.25 

2.09 

1.79 

2.10 

1.20 

3.01 

August. 

6.31 

1.20 

1.68 

1.01 

6.46 

4.34 

3.50 

September. 

1.19 

2.69 

0.41 

1.76 

1.09 

2.60 

1.62 

October. 

— 

— 

0.27 

— 


— 

0.05 

November. 

- ■ — 

— 

— 

• 

— 

— 

— 

December. 

— 

0.19 

— 

— 

— 

0.21 

0.07 

January. 

— 

1.32 

— 

0.98 

2.42 

1.01 

0.96 

February. 

4.31 

— 

1.99 

3.03 

0.89 

1.68 

1.98 

March. 

0.20 

0.01 

1.42 

1.79 

0.15 

— 

0.60 

April. 

0.50 

— 


0.25 

— 

0.32 

0.18 

May. 

0.31 

0.27 

0.09 

— 

2.04 

0.23 

0.49 

Total. 

22.87 

14.49 

10.54 

13.40 

16.41 

14.58 

15.40 


The figures for rainfall give only an 
indication to its amount and distribution 
in the different months and are not of any 
direct importance to the present, study, as 

the same was not allowed to enter the 
pots which were watered according to the 
plan of work. The monsoon rains generally 

begin in June and continue, with intermit¬ 
tent dry spells, up to September. The 
last month receives only one or two 
showers during the first fortnight and 

usually the period is rather hot and dry. 
The following three months, October, 


November, and December, are generally 
dry. Winter rains come in, rather spasmodi¬ 
cally during the three months, January to 
March. Summer begins by about the end 
of February and becomes severe in May, 
The three months, April to June, are hot- 
and dry winds blow from the west. 

The average monthly values for the ! 
period, 1936-42, are given below for 
Maximum and Minimum temperatures ? 
(’F), R.H.D. at 8-40 hours and 16-00 
hours, evaporation from Piche’s and Tank 
evaporimeters, (in c r c. and millimetres 




per day respectively), wind velocity each element were not available for the 
(average per day in m. p. h.) and sunshine entire seven-year period as indicated for 
(average per day in hours). The data for each item. 

TABLE No. I. 3. 

Monthly averages for the meteorological elements during 1936-’43, as recorded 

at the Punjab Dry Farming Research Station, Rohtak. 


Jun. 

.Tul. 

Aug. Sept. 

Oct. 

Nov. Dec. Jan. Feb. 

Mar. Apr. 

May 

L 

Mean 

Maximum 

temp. 

C F. (June 1936 to Dec 

1942): 



102 

97 

95 96 

94 

84 73 69 74 

8 6 9 9 


306 

2 . 

Mean 

Minimum 

tempt. 

F. (June 1936 to Dec- 

1942): 



81 

81 

80 74 

64 

49 42 42 48 5.* 

> 66 


79 

3. 

Mean 

R.H.D. at 

8-40 

hours —° ( , (June 1936 

to Dec. 


1942) : 

54 

70 

74 66 

47 

48 65 75 74 

t \y jl. ' v V' # 

51 29 


KJ i W / • 

28 

4. 

Mean 

R.H.D. at 

16-00 

hours -° 0 (Nov. 1938 

to Dec. 


1942) : 

34 

52 

63 45 

24 

22 29 39 35 

21 12 


13 

5. 

Mean 

wind velocity 

-m.p.h. (March 1937 

to Dec. 


1942) : 

6.9 

6.4 

5.4 4.4 

3.1 

2.6 3.2 3.8 4.2 

4.5 4.8 


6.3 

6 . 

Mean 

evapn. (per 

day- 

in c.c.) from Piche’i 

s evaporimeter 





(Oct. 1936 

to Dec. 

1942): 

22 

11 

9 1 1 

12 

10 7 7 8 

15 23 


29 

7. 

Mean 

evapn. (mm. 

per 

day) from Tank (large) 

evaporimeter 





(Mar. 1938 

to Dec. 

1942) : 

14.5 

9.9 

7.9 9.4 

9.0 

6.7 4.6 4.0 5.3 

9.2 14.7 


18.9 

8 . 

Sunsh 

ine (mean 

per 

day in hours); Oct. 

1937 to Dec. 

’42 : 

7.1 

6.9 

6.9 9.0 

10.1 

9.1 7.8 6.8 7.8 

9.9 10.6 


10.0 


9. 

2.8 


^Rainfall 

3.9 4.0 


(mean 

2.2 


per 

0.04 


month in inches); June 


2.0 0.9 


2.0 


’36 

0.6 


to Dec. ’42 . 
0.2 0.5 


to Dec. those of the *"*■« ^ •« 


The meteorological data give a general 
idea oi the place where the present work 
was carried out. 

Cropping seasons in the locality : Accord¬ 
ing to the Report on the Season and 
Crops of the Punjab (1937), the year is 
classified into two cropping seasons, kharif 
(from 1st of June to 30th of September) 

and rabi (1st of October to 31st of May). 
In the rainfed areas of the south eastern 
Punjab, kharif crops are sown with the 
break of monsoon, usually in the second 


fortnight of June, and are harvested from 
September to the end of October. Rabi 
crops are sown in October and are ready 
for harvest in April. 

Crops : During the kharif season, bajra 
or Pearl Millet (Pennisetum typhoideum), 
forms the main staple crop ; its dry stalks 
serve as fodder to the cattle. Juar, the 
Great Millet-Anropogon sorghum- supplies 
green and dry fodder ; it does not mature 
properly. Guara (Cluster Bean-Cyamopsis 
psoralioides) is grown for its grain which 


3 


is used as fodder to the cattle. It is 
cultivated either alone or in mixture with 
bajra or juar but occupies much less area 
than the other two crops ; it is a slow 

-growing crop and matures in November. 
Pulses such as mung, green gram or golden 

gram (Phaseolus aureus = P. radiatus), 
and moth (Phaseolus aconitifolius = 

P. trilobus. according to Sampson. 1936, 
p. 135) are generally grown in mixture 
with bajra or juar. 


Rabi crops : Gram or Chick-pea (Cicer 
arietinum) occupies the largest area under 
rainfed conditions. Next come the cereals, 
wheat and barley. Gram is grown alone 
or sometimes in mixture with wheat or 
barley. Oil-seeds (Brassicas and taramira- 
Eruca sativa) ocouj^y a small area. 

The area sown to the different major 
crops in irrigated and unirrigated areas in 
the south eastern Punjab are given below 
for the normal year, 1936—’37 : 


TABLE No. I. 4. 


Area (in thousands of acres) sown to the major crops during the normal 
year, 1936-37, in the south-eastern Punjab. (Report on the 

Season and Crops of the Punjab, 1937). 


Kharif Crops. 


Rabi Crops. 


Details. 

Bajra 

♦!ua r 

Tot al 

W heat 

Barley 

Gram 

Total. 

Irrigated, 

10 

15 

345 

229 

53 

169 

508 

Unirrigated. 

1432 

327 

2533 

158 

253 

1061 

1681 

Total. 

1442 

3 4 2 

2878 

387 

306 

1230 

2189 


Rotation : The cultivators do not 
observe any definite rotation in the 
rainfed areas. They try to grow bajra 
(kharif crop) and gram (rabi crop) conti¬ 
nuously year after year, in the same fields. 
Sometimes they replace bajra by juar or 
pulses, and gram by cereals or oil-seeds. 

Manuring : Very little manuring is 
practised in the rainfed areas. The 
cultivators apply farmyard manure in 
small doses to some of their lands, 
especially for growing juar or wheat. 

Soil : The soils of the tract are mostly 
loamy and belong to the lndo-Gangetic 
alluvium. They are deep. The water-table 
exists at about 60 feet depth and the 
water contains a large amount of soluble 
salts. 

Having given a general outline of the 
crops and the environment of the locality 


where the present experiments were con¬ 
ducted. it is intended now to deal concisely 
with ihe work already carried out by 
ot hers on the subject of Transpiration, and 
Water Requirements of plants, 

2. Review of Literature 

Methods : The study of Transpiration 
attracted the attention of Botanists since 
long and it is one of the topics of plant- 
physiology which has been worked out in 
great detail. The methods adopted are 
varied according to the problem under 
investigation. Tliev can be enumerated 
as below : 

i. Transpiration by cut shoots or 
detached leaves with the cut ends 
in water ; 

ii. Transpiration by plants growing in 
soil under natural conditions : 


4 





(a) by the cobalt chloride paper 
methods ; 

(b) by detaching the leaves and 
immediately weighing them 

at short intervals : 

% 

(c) by enclosing a leaf a twig, or 
a whole plant in a chamber 
and collecting the water 
vapour transpired by the 
enclosed organs ; 

iii. Transpiration by plants grown in 
containers. 

It is definitely agreed by almost all the 
workers that comprehensive and reliable 
information on transpiration can be 
obtained by growing plants in suitable 
containers. The method, described under 
item ii. c. above, is preferred by certain 
workers as the plant is under natural 
conditions regarding the soil environment 
and also it enables a simultaneous study 
of photosynthesis also. Thomas and Hill 
(1937) enclosed whole plots of alfalfa and 
wheat in similar studies. But work carried 
out with the object of studying the inarch 
of transpiration and water requirements 
of plants has been conducted mainly in 
pot cultures. 

The method consists in growing plants 
to normal size in soil contained in pots. 
Kvaporation from the sides of the pot as 
well as from the soil surface is completely 
prevented, either by using metal contain¬ 
ers or by making the sides and the bottom 
impervious to water and by sealing the 
top. The pots are weighed af regular 
intervals and the losses made up by 
addition of water. 


The amount of soil in the pot and tf 
Hie size of the pot are important in su 
studies. Maximov (1929) suggested sm 
pots for s! udies on transpiration lj 
cautioned that the water requireme 
varied with the size of the 
or rather the amount of soil in _ 
P°t as pointed out by Kiessel bach (191 
In their studies on transpiration and wa 
requirements of crop plants and wee 
Briggs and Shantz (1913, 1914), Mont 


mery(]911), and Montgomery and Kiessel- 
baeh (1912), Miller (1910), and Veihmeyer 
and Hendrickson (1927) used large metal 
containers with more than 100 lbs of soil 
in each. Maximov (1929), Leather (1907), 
and Singh et al (1938) grew crop plants in 
smaller pots containing about 50 lbs. of 
soil. Tumanov (1927) tried sunflower in 
pots with 0 kgms. of soil and be ins in 3.5 
kgms. of soil. Clements and Long (1934. 
'35) had 8” x 10" pots for sunflower: 
Pessin (1938) grew Bine seidlings in quart 
containers. Two-year old conifer seedlings 
were raised in 2-gallon buckets by Schop- 
meyer (1939) for similar studies. Bailey 
(1940) used galvanised iron cylinders 
(35 cm. x 50 cm.) for grasses. Martin 
(1940) used 13" x 22" metal pots with 130 
lbs. of soil for sunflower. 


Method of watering (he pel*: Various de¬ 
vices were adopted by different workers in 
order to obtain uniform distribution of 

water in the soil, especially in studies in¬ 
tended to note the effect of soil moist ure on 


irom transpiration, and water requirements 
of plants. Briggs and Shantz (1913, ’14) 
used 5" flowerpots resting on a small bed 


of gravel above the soil surface and water- 
ing was done through these Mower pots. 
In Kiesselbach’s experiments (1916), a 


long spiral brass tube with numerous holes 


was embedded in soil in the container. 
Miller (1916), kept in the soil two cone- 

shaped cylinders of coarse sand and gravel 
extending to the bottom of the container. 
Two bottomless flower pots rested 
on these sand and gravel cores 

Maximov and Alexandrov (1917) and 
Zemcuznikov (1913. ’24) embedded partly 
in the soil a porous porcelain cup with 

holes, and water was added in turn through 
the outlet at the bottom of the container 

and through the porous cup. Bailey 
(1940) inserted two to three horizontal 
layers of sand, each half an inch thick, in 

the soil column and irrigated the same 
through tubes leading into the sand layers. 

None of the above workers gave anv data 
relating to the soil moisture distribution 
but mentioned that it was uniform. 
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Recently Grandfield (1941) described a 
simple and accurate method of maintain¬ 
ing a unifoim moisture content of the 
soil at any level below its saturation 
capacity. In principle it was similar tc 
that of Kiesselbach: but here, water was 
forced at a certain pressure (50 lbs. per sq. 
inch for the pots used by him) through 
minute holes in a long metal spiral tube 
embedded in the soil. Results for the 
moisture-content of the soil at different 
depths, estimated two hours after watering 
showed little variation. Some of the above 
methods are illustrated in Figure XI. 1. 

For a uniform distribution of moisture 
in the soil, Livingston’s auto irrigators 
were also widely used but the containers 
had to be small. Pots with porous double- 
walled jackets were also tried. 

Shantz (1925) pointed out that great 
caution should be employed in interpreting 
the results obtained from experiments 
dealing with the effect of soil moisture 
(any particular level below the saturation 
capacity) on growth, transpiration, etc., 
as, according to him, it was almost 
impossible to maintain a uniform level of 
moisture-content throughout the soil. 
Veihmeyer and Hendrickson (1927) and 
Hendrickson and Veihmeyer (1941) 
criticised vehemently the methods employ¬ 
ed for maintaining the soil moisture at 
any particular level below the saturation 
capacity. According to them, the mois¬ 
ture-content of the soil in a container can 
be maintained at any range (not any 
particular level) fiom the field capacity 
down to the wilting co-efficient. At each 
watering sufficient amount should be added 
to raise the water-content of the whole 
soil mass to its field capacity, as otherwise 
part of the soil would be wet and part dry. 

Transpiration : March of transpiration 
by different crops and other plants was 
studied in detail by various workers, with 
different objects in view. Only a few 
important studies are dealt with here. 

i. Transpiration and weather ele¬ 
ments : The relationship between trans¬ 
piration and weather elements attracted 


the greatest attention. That transpiration 
was negatively correlated to humidity of 
the surrounding air was supported by the 
work of Montgomery and Kiesselbach 
(1912), Kiesselbach (1916) Briggs and 
Shantz (1915), Darwin (1914) and others. 
Maximov (1929), Huber (1924) and others 
prefen ed to compare transpiration with 
saturation deficit. Briggs and Shantz 
1916 b )observed a high correlation between 
hourly rate of transpiration during the 
da} r and solar radiation, temperature, and 
Relative Humidity and a low correlation 
with wind velocity. Nutman’s results 
(1941) indicated a high correlation bet¬ 
ween transpiration (5-minutely rate) and 
solar radiation, when the latter was 
moderate or low. Hourly rate was deter¬ 
mined mainly by radiation, and the daily 
transpiration both by radiation and satur¬ 
ation deficit; and was independent of 
temperature. 

ii Tra n spi rat i on and e vapor a lion : 

In their studies on daily march of trails- 

c/ 

piration by different crop plants, Briggs 
and Shantz (1916' ) noted that the largest 
correlation was obtained with evaporation 
from a shallow blackened water-tank. 
They also observed (1917) that evapora¬ 
tion from the shallow tank was associated 
with transpiration more closely than eva¬ 
poration from any other type of evapori- 
meter or atmometer. It was also pointed 
out by them that the relationship between 
transpiration and evaporation should be 
considered associative, both responding to 
the same environmental factors but not 
in the same way or to the same degree. 
Livingston (1906, ’ll, ’23 and ’26), the 
originator of the at mometers, along with 
his associates, dealt with this subject in 
great detail. They found that transpir¬ 
ation rate was always lower than the rate 
of evaporation from an equal area of 
water surface under the same environ¬ 
mental conditions. 

iii. Transpiration and soil moisture : 
There are two schools of thought regard¬ 
ing the effect of soil moisture on growth 
and transpiration. One school, consisting 
mostly of botanical workers (Shreve, 1924; 


Yuncker, 1916 ; Dosdall, 1919 ; Miller and 
Saunders, 1923 ; Frei. 1923 ; Dole, 1924 ; 
Martin, 1940 ; and others) invariably found 
better growth and more transpiration as 
the soil moisture increased from the wilt¬ 
ing co-efficient to a certain upper limit 
below the saturation capacity. The other 
school, mainly of soil scientists (Veihmeyer, 
1927 ; Veihmeyer and Hendrickson 1927 ; 
Hendrickson and Veihmeyer, 1929, ’31. 
34, and 37 ; Beckett. Blaney and Taylor, 
1930; and others) contend that all the 
moisture above the wilting co-efficient up 
to the saturation capacity is readily avail¬ 
able to plant roots and so there should not 
be any difference in growth or transpira¬ 
tion within this range. Their work was 
mostly confined to field conditions. 


iv. Transpiration and xerophijtism : Till 
the beginning of the present century, it 
was felt that xerophytes transpired less 
water than other plants due to morpho¬ 
logical adaptations. This view was con¬ 
tested by Kamerling (1914) as he found a 
high rate of transpiration by xerophytes. 
Delf (1912), abandoned the idea that rate 
of expenditure of water was the one 
criterion of xerophytes. Keller (1925), 
Zalenski (1920), Ivanov (1923), Maximov 
(1929) and others confirmed that the rate 


of transpiration was not a test of xero- 
phytism. In many of the studies on this 
subject, the water content of the soil was 
kept at an optimum level. Briggs and 
Shantz (1926° ), Miller and Coffman (1918), 
and Cullinan (1920) found that under 
conditions of good moisture-supply, the 
rate of transpiration per unit leaf-area 
was higher in an apparently drought re¬ 
sistant crop or type than in a susceptible 
one, though the absolute quantity trans¬ 
pired by a single plant was greater in the 
latter because of the larger leaf-area. it 
was ielt that rate of transpiration with 
abundant soil moisture was no criterion 
for judging drought resistance (Catalino, 
1921; Bates, 1923; Dole, 1924; Maximov 
and K. Maximov, 1924; Huber, 1924: 
Gail and Long, 1935; Roeser, 1932: 
Shapiro and He Forest, 1932: Wilson, 

1929 : and others'. 

0 

Water requirement : These studies 
were first started by Hellriegel (1883) in 
Europe who defined 'water requirement’ 
of a plant as the amount of water trans¬ 
pired per unit dry master formed in the 
plant. During the current century, similar 
studies are conducted in almost all the 
countries, especially in dry regions, as 
shown in the following table. 


TABLE No. 1. 5. 

Studies on Water Requirements in different places. 


Worker 8. 


Count rv. 


Europe 


3 3 

5 3 
3 3 
3 3 


Akron, U.S.A 


Hellriegal 
Schroedar 
Kolkunov 
Ivanov 
Tulaikov 

Maximov & Alexandrov 
Briggs & Shantz } 

Shantz & Piemeisel 3 

Montgomery & Kiesselbach, Nebraska (U. S A ) 
Kiesselbach 

Miller v ” TT c , 

t^i , . Kansas, U.S.A 

szTh„,„, - 

Richardson ” 

Leather Australia 

Singh, et al. ^ ar > Indla 


Period. Plants studied 


1883 

1895 

1905 

1913 

1915 - ’22 
1917 
1911-T7 
1927 
1912 

1916 

1916— ’2 3 

1914 

1917 

1920-*23 
1907~’l 1 
1936- 40 


Crops. 


3 3 


3 3 


3 3 


Crops, etc., 


3 3 


3 3 


Crops 


3 3 


3 3 


33 


Crops, etc.. 
Crops. 




The above list is not exhaustive. Much 
work has been done on this subject in 
India during recent years, especially on 
rice at Sabour, and Cuttack, on sugarcane 
at Musheri, on juar and other crops at 
Sholapur. etc; but the results in many 
cases have not been published in detail. 

i. Climate and water requirement : 

That tlie water requirement of a crop 
or any plant varied a good deal with t lie 
climatic conditions during the growing 
period was noted by most of the workers 
(Montgomery and Kiesselbach, 1912 : 
Briggs and Shantz, 1914: Shantz and 
Piemeisel, 1927: Tulaikov, 1922 : and 
others). In general it was found to be 
higher during drought years. The increase 
in water requirement with lower relative 
humidity of the surrounding air was 
proved by Kiesselbach's experiments in 
two glass-houses with different humidities 
(1916). Briggs and Shantz (1914) showed 
that the water requirements of plants 
grown in a warm glass house was higher 
than in a cool house. Briggs and Shantz 
(1916), Miller (1923) and Richardson 
(1923) pointed out that water require¬ 
ment depended to a greater extent on the 
occurrence of dry weather conditions 
during the maximum transpiring period 
than at other stages of crop growth. 

ii. Water supply and Water 

requirement : 

Briggs and Shantz (1913) obtained 
invariably lower water requirement with 
either extreme of soil moisture. Kiessel¬ 
bach (1916' had shown that reduction of 
moisture-content below the optimum 
reduced the water requirement by about 
8 %, while an increase above the optimum 
resulted in a higher value by about 8‘V». 
Tumanov (1927) obtained with sunflower 
plants a value for water requirement winch 
was 20% more with soil moisture at the 
optimum level than when it was ranging 
from above wilting point to about the 
optimum soil moisture. In Ids trials with 
bean plants, the values were lowered ns 
the soil moisture was reduced. Clements 
and Long (1934, '35) also obtained a 


regular increase in the water requirement 
of sunflower with increase in soil moisture. 
These results were further supported by 
the work of Bailey (1940) on grasses. 
Martin (1940) estimated the water 
requirement of sunflower which was (i) 
watered frequently to keep the soil 
moisture above 14% (optimum level), and 
(ii) watered, when the soil moisture had 
been reduced to about 10%, to bring it 
back to field capacity. He concluded 
that in this trial, the water requirement 
increased with increase in available soil 
moisture. In another set, he started with 
soil made up to 11%, 14%, 17%, and 20% 
soil moisture and never watered them 
again. Here, the water requirement was 
not altered appreciably. 

Veihmeyer and Hendrickson( 1927) found 
no change in growth or water requirement 
when the soil moisture was kept at any 
range varying from above the wilting 
coefficient to the field capacity, provided 
the moisture was uniformly distributed in 
the soil. 

In India, Leather (1910) concluded that 
the soil moisture had no influence on the 
water requirements of maize and wheat, 
as he could not obtain consistent results. 
Singh and Singh (1936), who maintained 
twelve levels of soil moisture, observed 
that the water requirement of wheat 
gradually increased from 424 to 780 with 
increase in moisture-supply from 25% to 
100 % of the water-holding capacity of the 
soil. 

iii. Soil fertility and water requirement 

Leather (1911% Montgomery and Kies¬ 
selbach (1912). and Singh, et al (1939), 
found that water requirement of 
plants was reduced by manuring. The 
effect was greater in poor soils. This was 
further supported indirectly bv Kiessel- 
bach’s experiments (1916) on the relation¬ 
ship between the amount of sod m which 
the plant was grown and its water require¬ 
ment. He obtained a lower value with an 
increase in the quantity of soil. In all 
these studies, the plants were grown under 
optimum soil moisture conditions. 



iv. Water requirement and 
dr ought-resistance 

The object with which many workers 
started their studies on water require¬ 
ments of plants, especially in dry regions, 
was to establish some relationship between 
drought-resistance and water requirement 
of plants and thus enable them to select 
crops or their types suited best to the 
locality. Unfortunately, as Maximov had 
put it 1 1929}. this aim was not achieved. 
But he recognised broad ecological groups 
differing in their water requirements. 
Schroder (1895) pointed out first the 
difference in the values for the cereal and 
millet groups, the value for the former 
was almost double This was confirmed 
by the work of Briggs and Shantz (1914), 
Maximov and Alexandrov (1917) and 
Tulaikov (1922). 

Richardson (1923), in Australia, came 
to the same conclusion regarding selection 
of varieties from their water requirements, 
especially on whole plant basis : but on 
grain basis, the differences were more 
pronounced. Conversely, Bailey (194 0). 
working on grasses, was of the opinion 
that ‘ unless a particular portion of the 
plant, e. g., forage or grain, is being con¬ 
sidered, transpiration ratios for grasses 
should be based on whole plants,” as. 
according to him grasses with lower values 
on whole plant basis would be useful as 
efficient soil-binders. 


Thus instead ol concentrating one's 
attention on correlating the water require¬ 
ment with drought resistance, which is 
agreed to be a very complicated problem, 
it should yield more valuable information 
regarding the suitability or otherwise of 
different crops and their strains to the 

locality, if the object for which tlie crop 
is grown ie., for grain or for fodder, and 
1 influence of the various environmen¬ 
tal factors in relation to the critical 
growth periods of the crop, are kept in 
A levv in similar studies. 


lerminologif : A concise account of th 
different terms used in these studies ma 



not be out of place, as great confusion is 
often caused due to lack of uniformity 
and also to the usage of the same term 
for different ideas altogether. 


i. Intensity of transpiration 

(Burgerstein, 1920) : 

It was originally coined by Ivanov 
(1913, 16) to express rate of transpira¬ 
tion in gms. per sqare decimeter of leal- 
area (both surfaces). Some American 
workers express it as rate of transpiration 
in gms. per square metre of leaf-surface. 


ii. Relative Transpiration (Livingston 
1906 : Ratio of rate of transpiration to 
evaporation: it was called ‘transpiration co¬ 
efficient' by Briggs and Shantz (1916), and 
‘transpiring power ‘ by others. The term 
‘ transpiration co-efficient or ‘co-efficient 
of transpiration’ was used in agrono¬ 
mical papers, according to Maximov (1929), 
to indicate the ratio between tlie total 
water transpired and the total dry matter 
produced, i.e. ; same as water requirement. 


iii. 11 atcr Requirement : (Hellriegel. 

1883) : It is the ratio between the amount 
of water transpired by a plant during the 
whole growth period to the total dry 
matter formed in the plant including 
roots, i.e.. number of units of water trans¬ 
pired to produced a unit quantity of dry 
matter This term has been in general 
use in America and other countries though 
Briggs and Shantz (1913. ? 14), Leather 
(1910), and others excluded roots from the 
dry matter. 


It was also called Transpiration Ratio 
by Bailey (1940) and others. 


iv. Efficiency of Transpiration : (Ivanov , 
1913). It is indicated by the amount of 
dry substance formed for 1 kgm. of water 
transpired. It is only the converse of 
water requirement and is preferred by 
Maximov to water requirement. 

Below are given a few more expressions 
preferred by other workers for expressing 
their data on similar studies: (Quoted 
from Maximov, 1929), 


9 



Ivanov (1913) : Economy of transpir¬ 
ation : Ratio of water 
lost to total water 
content of the plant. 

Neger and Lacon (1914): Specific trans¬ 
piration : Same 
as above. 

Walter (1925): Ratio of water lost to 

fresh weight of plants. 

Stocker (1923): Calculated the ratio on 

unit root weight. 

Rubel (1920) and Huber (1924): calcul¬ 
ated the ratio on unit 
cross-sectional area of 
xylern. 

3. Methods and Material. 

The present studies on transpiration 
and water requirements of different crop 
plants and their types were conducted in 


pot cultures as it was the only and the 
best way of estimating quantitatively the 
response of these crop plants to varying 
environmental conditions. The studies 
extended over a period of seven years 
(1936- J 43). 

i. Technique of the pot culture : In 
most of the experiments, during the first 
three years, plants were grown in cylindri¬ 
cal galvanised iron pots (12 inches in 
diameter and 12 inches deep), each con¬ 
taining 23 kgms. of air-dry soil: In the 
remaining years, bigger pots (12" x 18") 
of the same type, each with 35 kgms. of 
soil were used in all the experiments. 
Plants grown in the bigger pots were 
decidedly better in growth. 

Sufficient soil, required for all the years, 
was collected from the surface layer (upper 
six inches) of a uniform field, which was 
raising normal crops. The nature of the 
soil is indicated by the following analyses : 



Table No. I. 6. 

Mechanical and chemical analyses of the soil (Light loam) 

used for the pot cultures. 

(Data supplied by the Soil Physicist, Dry Farming 

Research Station, Rohtak). 


Percentage on oven-dry soil. 


Clay. 

Silt. 

Fine silt. 

Coarse sand. 

CaCOj Moisture 

equivalent. 

Wilting 

co-efficient 

14.30 

26.96 

59 74 

Nil. 

19.60 

3.86 


(b). Chemical analysis of the soil 


Percentage on air-drv soil. 


Org. 

matter. 

Insol. 

residue. 

Fe,0, 

— %* 

A1.0-. 

CaO 

MgO 

K,0 

— 

Na.O 

PA 

Total 

N. 

Ex. Ca. 

ra. e. 

0.561 

87.56 

3.84 

4.95 

0.50 

0.80 

0.56 

0.27 

0.121 

0.049 

10.4 
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The soil was pounded and sieved 
through l/20th inch mesh. The soil for 
each pot was weighed out (23 kgms. for 
i 12" x 12" pots and 35 kgms. for the 
12 " x 18" pots) and was thoroughly mixed 
by hand with a measured quantity of 
water which would raise the moisture 
content of the soil to about 3% above the 
required level. This extra amount was 
lost by evaporation during the process of 
mixing the soil and filling the pot. The 
moist soil was thoroughly and uniformly 
packed into the pot, adding small equal 
quantities at a time and noting the space 
occupied by each in terms of height. 
During filling, two cylindrical metal tubes, 
open at both ends, were kept vertically on 
either side and were filled with thoroughly 
washed gravel (about l/5th inch size), 500 
gms. in each. The tubes were removed 
later. Each gravel core was about two 
^ inches in diameter and extended from two 
inches below the sod surface to 8 inches 
depth. Two jug-shaped earthenware 
irrigators each with a capacity of about 
300 cc. rested on the gravel cores, one on 
each. The irrigators were uniform in size 
and shape and had fine holes at the bottom 
and on the sides ot the bulged portion. 
The neck was long and narrow (about J" 
wide at the top) and projected out of the 

soil to the rim of the pot. The bulged 
portion of each irr ; gator was in close 
contact with the soil and the bottom 
rested on the gravel. The seed was sown 
X in the moist soil at a depth of one inch. 
Lhe soil surface was then covered with a 


one-inch layer (2 kgms.) of fine river 
sand, thoroughly washed and dried before 
using. After the seedlings emerged out of 
the sand layer, a tight-fitting celotex 
cover (3/4th inch thick) with two holes for 
the irrigators and two for the plants, was 
pressed on to the sand layer. (Fig XI-1). 

When the seedlings were established, 
usually in about ten da} r s after sowing, 
they were thinned to a single plant in each 
hole i.e., two plants per pot. The space 
round the stems of the plants in the celo¬ 
tex cover and the chinks were closed by 
cotton plugs. • No attempt was made to 
seal hermetically the top of the pot be¬ 
yond what has already been described. 
Sealing the soil surface completely, inter¬ 
fered with the normal development of crop 
plants, especially legumes. Moreover, 
sealing the space round the stems, parti¬ 
cularly of cereals and millets, which tiller 
freely, was found to be almost impossible. 
By the method described above, evapora¬ 
tion from the soil surface was minimised. 
To obtain more accurate results for trans¬ 
piration, uncropped pots, similarly fitted 
up in every detail for each treatment, 
v ei e maintained throughout the growing 
period and their losses were taken into 
consideration while calculating the rate of 
transpiration. A typical set of figures 
given below indicate the very low evapor¬ 
ation from an uncropped pot during two 

cropping seasons (kharif and rabi) com¬ 
pared to the high losses from cropped 
pots. 
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table no. i. 7. 


Losses (4-weekly in kgms.) from cropped and uncropped pots 

during kharif and rabi 1941-’42. 



Opt. 

soil 

Low 

soil 

Opt. 

soil 

Low 

soil 

During weeks 

moisture. 

moisture. 

moisture. 

moisture. 

after sowing. 

Crop¬ 

Un¬ 

Crop¬ 

Un- 

Crop¬ 

Un¬ 

Crop¬ 

Un¬ 


ped. 

crop. 

ped. 

crop. 

ped. 

crop. 

ped. 

crop. 


tt \\ 

ur if 


- / 

t 

i 

_ P? o 

h i 

f 



dill — 



/ 

JLV Cb 

U 1 

/ 

0- 4 

1.38 

0.18 

0.54 

0.15 

0.48 

0.51 

0.14 

0.31 

5- 8 

13.53 

0.34 

4.13 

0.31 

3.26 

0.56 

0.61 

0.26 

9-12 

15 24 

0.37 

10.19 

0.27 

7.12 

0.50 

1.42 

0.24 

13-16 

6.74 

0.44 

3.86 

0.25 

9.48 

0.68 

2.59 

0.35 

17-20 


— 

— 

— 

8.75 

0.80 

5.86 

0.28 

21-24 

— - 


— 


1.61 

0.68 

1.57 

0.44 

Total 

36.89 

1.33 

18.72 

0.98 

30.70 

3.73 

12.19 

1.88 


Kharif crop : Bajra ; Rabi crop : Wheat 
oven-dry basis ; Low : 8 ‘ ( , soil moisture. 


Opt. soil moisture : 13° 0 on 


From the above figures it is clear that 
loss due to evaporation from the soil 
surface was small compared to transpir¬ 
ation, but even these losses due to evapor¬ 
ation were taken into consideration while 
calculating transpiration. 

ii. The giant-house : The pots were 
kept on trollies, moving on rails, in a 
glass-house. Part ol the house was 
- covered at the top by galvanised iron 
sheets to form a gabled roof and the sides 
were of glass panes from top to about two 
feet from the floor. This portion was 
closed by wire-netting to allow free ventil¬ 
ation. The remaining portion ot the 
house had wire-netting (3 4th inch mesh) 
on the sides and the t op. The rails 
extended from one end ot the rootless 
portion of the glass-house to the other end 
in the roofed area. The trollies were kept 
in the open portion of the glass-house. 
Whenever rain was apprehended, which 
was rather infrequent, the trollies were 
pushed into the covered portion of the 
glass-house. Plates 1 to 8 give a view of 


the glass-house with the trollies and 
plants growing in the pots. 

The pots were weighed once a week from 
the time of sowing for about a month 
during which period the plants were quite 
young and transpiration was low Later 
on, the pots were weighed daily when 
growth was vigorous. Weighing was done 
with a steel-yard, having a capacity of 
250 lbs. and sensitive to about two ounces 
with a load ol' 150 lbs. A ‘pulley and gear’ 
arrangement enabled easy and quick 
weighment of the pots. 

After each weighing the losses were 
made up by adding water equally to the 
two irrigators. The system of irrigators 
with the gravel cores enabled a fairly 
uniform distribution of moisture in the 
soil. As the total weight of the pot and 
the amount of soil (on oven-drv basis) in 
each pot were known, it was possible to 
maintain approximately, the moisture 
content of the soi 1 at any required level. 
Errors in these calculations due to the 
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films of moisture adhering to the gravel 
and also due to the weight of the plant 
were not taken into consideration as they 
were relatively small. 


iii. Crops and their type* under study : 
Detailed studies were made on bajra and 
juar during the kharif season, and wheat 
and grain during the rabi season Guara 
and moth were included in a few kharif 
trials and barley and tarainira in some 
rabi experiments. The different types of 
each of the first four crops grown in 
various experiments are described below’. 

Bajra : ‘ Local ’ : It is an early matur¬ 

ing type, selected from the 
bajra crop of the locality; 
quick-growing; forms its first 
ear in about seven weeks after 
sowing ; tillers freely; the tillers 
grow along with the main 
shoot and mature normally 

V 

under favourable conditions: 
prolonged period of earing and 
maturity due to the formation 
of a large number of ears con¬ 
tinuously : ears small and lax ; 

•/ 

comparatively narrow and 
coriaceous leaves ; thin stems ; 
stunted and bushy in appear¬ 
ance : small grain. 

A. 13: A selection suited to 
more, humid areas: little or no 
tillering; slow-growing: ears 
about three to four weeks later 
than the local ’; thick stems; 
broad, mesophytic leaves ; each 
plant forms one long and com¬ 
pact ear; bold grain. 

‘Farm’ : Another selection 
from the bajra of the locality; 
usually grown in richer lands; 
late in earing ; growth period 
almost the same as A. 1/3 : in 

$ 4 

general nearer to A. p/3 than 
to ‘Local’; bold grain. 

‘Leiah’: A selection from 
north-west Punjab where 
weather conditions are more 
favourable than at Rohtak ; 
slow growing ; as late in earing 
as A. 1/3; thick stem; very 


few tillers ; thick short ears ; 
bold grain. 

‘ Bikanere Smooth ’ : A selec¬ 
tion from Rajputana; later 
than the Local in earing; 
tillers better than A. 1/3, and 
other late types ; thick stem; 
long and compact ears: bold 
grain. 

Juar : ‘Local : A selection from 

juar crop of the locality; red 
grain ; non sweet. 

8 . 21 : A sweet type; growth 
period about the same as that 
of Local. 

S. 20 : A non sw eet selection ; 
apparently more hardy. 

‘Duggi’ : A nonsw eet selec¬ 
tion ; late-earing. 

8 . 100 : sweet. 

In general, juars are ready for 
harvest by the end of October or 
in November; usually do not 

i 

iaie well under adverse weather 
conditions in the locality; main- 
setting is poor, under local con¬ 
ditions. 

Rabi Crops : 

Wheat : 8 A : Slow -growing : tillers 

more than 9 1): later in earing 

than 9 D by about ten days* 

so, it faces the early summer 

conditions during its maturity 

* 

period while 9 I) escapes t he 
same. 

9 1): A comparatively quick¬ 
growing medium-earing type: 

tillers well. 

C. .318 : Later in earing than 
9 D, but earlier than 8 A. 

Own. 13: Earlier than even 
9 D: t illers less than 9 I). 

Cram : T. 7 : yellow -seeded ; com¬ 
paratively slow-growing ; grows 
well under favourable condi¬ 
tions. 

I. P. 58 : Seed yellow-brown 
in colour ; earlier in fioweriim 
t kan T. 7; otherwise similar 
to T. 7. 
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T 17 : 8eed dark in colour ; 

midway between the above two 

types regarding time of flower¬ 
ing. 

iv. Soil moisture : To obtain good 
growth of the plants, tlie moisture content 
of the soil was maintained at a calculated 
level ol 13% (the field capacity of the 
light loam soil, used in the experiments, 
was about 17%). This level (13°,,) is 

approximately the moisture content of the 

field soil when it is in good tilth. To 
imitate the field conditions, where the soil 
moisture gets reduced due to adverse 
climatic conditions, thus affecting the 
crop-growth, the moisture content of the 
soil in pots was also maintained in some 
experiments at a lower level than 13% i.e., 
a calculated level of 10%, during different 
stages of plant growth. In some years, 
the rainfall is low and drought is almost 
continuous. An attempt was made to 
bring about similar conditions in the pots 
with regard to soil moisture. The plants 
were grown at a low level, i.e., a calculated 
level of 8% (about 4% above the wilting 
co-efficient of the soil). 

By the above figures for soil moisture 
i.e., 13%, 10% and 8%, it should not be 
understood that these percentages were 
uniform throughout the soil nor during all 
the time it was required to be maintained. 
For each level, the moisture content 
varied within a maximum range of about 
4- 2%. The object was mainly to reduce 

the optimum level of moisture content to 
a lower level at certain stages of growth 
in some studies and in others to keep the 
moisture content at a low level throughout 
the cropping period. 

4 . Calculation and Expression of data. 

Weather : Weekly data for the different 
meteorological elements were compiled for 
the kharif and rabi seasons of the seven 
years (from the time of sowing to the 
harvesting of the experimental plants in 
each season). The results are included in 
Statement No 1. of the Appendix given 
at the end. These results have been given 
for information. They have not been 


% . • 

fully utilised in the present thesis. Curves 
foi Maximum and Minimum temperatures 
(weekly averages in °F), sunshine (weekly 
totals in hours), and evaporation from the 
Piche’s evaporimeter (weekly totals) are 
given in Figure I. 

Experimental results ) In all the experi¬ 
ments, the weekly transpiration for each 
pot was calculated in gms. and then the 
total amount of water transpired from 
germination to maturity was noted. After 
harvesting the plants, when they were 
completely mature, the plants including 
roots were separated into different com¬ 
ponents, stems, leaves, roots, etc., and 
dried in a steam-oven and weighed. The 
values for water requirements on leaves, 
shoot and whole plant were calculated in 
grammes of water transpired for producing 
a gramme of oven-dry matter; water re¬ 
quirement on grain was calculated on air- 
dry grain. Standard errors for the values 
of water requirements were calculated. 
The results (mean per pot) are included 
in St atements Nos. II to IX of the Appen¬ 
dix. Along with the weekly transpiration 
are given the weekly losses from the 
Piche's evaporimeter kept in the Steven¬ 
son’s screen. Readings of Piche’s evapori¬ 
meter were not available for experiments 
conducted in the kharif of 1936, and so. 
the weekly averages for R. H. D. at 8-40 
hours are included for comparison with 
transpiration. 

The data on weekly rate of transpiration 
along with weekly evaporation have been 
expressed graphically. The results on 
mean total transpiration, yield of errain, 
total dry-weight of the plant, and water 
requirements on grain and on plant-basis 
are represented by histograms. The 
curves for transpiration and the histo¬ 
grams are included in Figures II to IX. 

The results are explained, discussed and 
summarised separately lor each experi - 
ment in Parts II to XT. A general sum¬ 
mary with conclusions is included in Part 
XII. 

A list of vernacular names of crop 
plants, technical terms, and other details 
are given in the Glossary at the end. 
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PART II 


Effect of climate on march of transpiration and water requirements 
of Bajra, Juar , Wheat and Gram , grown with optimum 

soil moisture in different years. 

(1936 — ’43) 

INTRODUCTION 


Due to the large variations in the total 
annual rainfall received in the locality and 
to its highly erratic distribution, weather 
conditions during the cropping seasons 
differ a good deal from year to year. The 
post-monsoon dry weather during the 
kharif season (middle of September to end 
of October), and the early summer condi¬ 
tions in March and April of therabi season 
occur usually year after year leading to 
improper maturity of the late crops, like 
juar (kharif) and wheat (rabi), compared 
to the early ones, bajra and gram. 


However, intermittent spells of dry wea¬ 
ther of varying intensity and duration 
also appear frequently which seem to 
affect the growth of the early crops too. 
So, it was intended to study the march of 
transpiration, growth and water require¬ 
ments cf bajra and juar during the kharif 

season, and wheat and gram during the 
rabi season of each of the seven years, 
1936-37 to 1942-43. The plants were 
grown with optimum soil moisture (13 0 o ) 
from sowing to harvest. 


A. KHARIF CROPS. 

The experimental details are summarised below : 


TABLE II. 1 



Crops: Bajra 

Juar 

Date of sowing : 

Pot size : 

Plants in each pot : 
Soil-moisture-content: 

Replications : 


1936 


1937 1938 

/-Local-/ 

Local /- 


30/6 12 7 11/7 


/ 


12"X12"- 

—one— 


1939 1940 
Farm — 

-S. 21- 

29 6 

/ - 


1941 1942 

-Local- 


29/6 266 

— 12 "X 18 "- 

two 


24/6 


__ ii — I 

Optimum throughout. (13% on oven- 

dry basis). 

4 4 5 5 5 5 5 



Bajra and juar were grown in separate 
pots containing light loam soil with a 
moisture content of 13% (on oven-dry 
basis) maintained from the time of sowing 
till harvest. The seed was sown in the 
last week of June in most of the years 
and in the second week of July in two 
years. The plants were harvested in 


October, bajra about two weeks earlier 
than juar. 

Weather data. (Statement I. Fig. I.) 

Weather conditions during the kharif 
seasons • of the seven years were highly 
varying due to the erratic distribution of 
rainfall. But July and August months 


are generally 'wet' in the locality, where 
bajra is the main crop, and September and 
October are comparatively dry. Such a 
normal kharif season, suited best for 
growing bajra, was met with during the 
year, 1940. Evaporation from Piche’s 
Evaporimeter was high (about 100c. c, 
per week) about the middle of July but 
during the rest of the month and almost 
the whole of August, it was quite low, 
below 50c.c. per week. During September 
it remained at about 80c.c. with but one 
fall during the middle of September when 
the weekly evaporation was 56c.c. The rate 
of evaporation remained below 100c. c. per 
week throughout the growth period and 
the fluctuations were neither sudden 
nor intense. The curves for Maximum 
temperature and Sunshine were running 
parallel to the curve for the rate of eva¬ 
poration. The Maximum temperature 
remained below lOO'F throughout. It 
showed fluctuations during July and 
August but remained at about 95 F later 
on. The curve for weekly totals of hours 
of sunshine also showed, during July and 
August , changes similar to those of the 
Maximum temperature, and remained 
fairly constant (about 80 hours per week) 
in September and October. 


locality, was Included during 1939 instead 
of Local. 

Bajra Local : The seeds germinated 
within three days of sowing. Tillering 
started in the second week after sowing 
and elongation of the main stem began 
abou’} the third week. The first iear 
emerged completely in six to eight weeks 
after sowing and matured in another two 
weeks. Primary tillers, about three per 
plant, started elongating in the fourth or 
fifth week and eared three to four weeks 
later. These ears matured by the time 
the plants were about three months old. 
Secondary tillers appeared in about th^ 
10 th week after sowing, from the upper 
nodes of the main shoot and roin tbf 
primary tillers and they also produced 
ears which matured only partially. T^* 
plants were ready for harvest in about 1-* 
weeks after sowing. 

The life-history of plants of bajra Local 
cannot be easily divided into different 
distinct stage3, as the plants tiller pro- 
fusel} r and the different stages of growth 
of these tillers overlap. The following 
stages, however, can be roughly recog¬ 
nised : 


The other six years can be grouped into 
comparatively ‘dry' (1937, ’38, 39) and 
‘wet’ (1936 and 1942) years. The ‘dry’ 
group experienced during the kharif 
season, either consistently high Maximum 
temperatures and high rate of evaporation 
as in 1938 or fairly high Maximum tem¬ 
peratures and rate, of evaporation during 
July or August (1937 and 1939). The 
; wet ’ group was characterised by lower 
Maximum temperatures and lower rate of 
evaporation (1936 and 1942). The kharif 
season of 1941 was characterised by in¬ 
tense fluctuations in evaporation and 
temperature. 

CROPS : BAJRA. 

Bajra Local, an early-earing selection 
from bajra crop grown in the locality, 
was studied during six years and bajra 
‘ J?arm a late-earing selection from the 


Stage of growth Weeks after sowing . 


1. Germination. 0 to 1 

2. Early tillering. 2 to 3 


3. Pre-earing (main stem 

elongating) 4 to 7 

4 Earing (mostly re¬ 
productive, partly 
vegetative) 8 to 10 

5. Maturity (seed-setting¬ 
ot c.) 11 to 14 

Bajra' Farm ’: This type, grown in 
1939 only, was similar to Local regarding 
tillering and the formation of secondary* 
tillers, but it was later in earing than 
Local by about two weeks. The number 
of tillers (2 per plant) were also less. Ears 
of the secondary tillers did not mature as 
well as those of Local. 


is 


RESULTS. 


(Statement II A ; Fig. II. 1) 


Transpiration 

Weekly transpiration by bajra plants 
(per pot) in the different years is graphi¬ 
cally represented along with the curve for 
weekly evaporation from Piche’s Evapori- 
meter ; Relative Humidity at 8-40 hours 
is included for 1936 in place of evapora¬ 
tion. 


The rate of transpiration showed vari¬ 
ations in different years, apparently due 
to the effect of weather conditions which 
were highly varying from year to year: 
still, the general trend remained almost 
me same, as seen from a comparison of 
the curves for the different years with 
at of the average curve for the seven 
years. It may be noted that the condi¬ 
tions of experiment during all the seven 
years were not identical e.g.. pot-size, 
number of plants in each pot, date of 
sowing and the type of bajra. But it is 
felt that the general trend of the curve 
for average rate of transpiration is not 
affected much by these variations. 


Average Bate of Transpiration (Mean of 
actual values for the seven years) :- Tn 
considering the curve for rate of transpir¬ 
ation, it is intended to follow it up accord¬ 
ing to the different stages of growth and 
compare it with the mean rate of evapor¬ 
ation, which is the average of values for 
six years onlv. 


-Transpiration was quite low during the 
lirst two weeks after sowing and so it 
could not be accurately recorded on the 
)a ance used. Thus recording of the 
results began with the pre-earing stage. 


Pre-earing or active vegetative tstage. (3? 
Jo 7 th week): Transpiration was quit 
low during the third week after sowiiq 

-61 gms. It rapidly increased till the 6t 
wee k when the rate was 2545 gms. Burin 
this period, evaporation from the Piclie 
Evaporimeter was steadv except Cor a rh 
m the 4th week, from 65c. c. (3rd weet 



to 79c. c. (4th week). In the next week, 
the curve for transpiration did not main¬ 
tain the same steep rise, perhaps due to 
lower evaporating power of the air (eva¬ 
poration - 6th week : 76c. e: 7th week : 
60c. c.). 

Earing stage (Sth to 10th week) : In the 
8th week, transpiration actually went 
down from 3351 gms. (7th week) to 3215 
gms (8th week); the fall in evaporation, 
noticed in the previous week, continued, 
the actual evaporation being 52c.c. (8th 
week). In the 9th week, there was an 
increase in transj iration and also evapor¬ 
ation by about 1000 gms. and 10c.c. 
respectively over the previous week. In 
the next week (10th), though evaporation 
continued to rise, transpiration started 
its downward trend. It may be noted 
that the first ear was emerging during the 
8th week. 


Maturity stage; (11th to 11th week). 
The downward trend in transpiration, 
started in the 10th week, continued at a 
slow rate till the harvesting of the plants 
in the 15th week. During this period the 
rate of evaporation showed fluctuations. 
Any increase in evaporation appeared to 
retard the fall in transpiration while a fall 
in evaporation accelerated the same in 
t ra inspiration. 


From the above, the following points 
arf worth noting: 

(1) During the pre-earing stage, when 
the plant was actively growing, its rate of 
transpiration increased rapidly and reach¬ 
ed a peak level during the early earing 
period and then gradually went down till 
maturitv. 


v ^' ix i an 


ii i 
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c* 


I \ ciJJUIttllUll m.i.uv , Ilt 

pre-earing stage retarded the rise in trans¬ 
piration. but, during the post-earing 

period, accelerated the fall in iranspira°- 
t'on. A rise in evaporation during the 
two stages produced a reverse effect. 


(•1) Changes in evaporation brought 
about similar changes in transpiration, 
when the plants were fully grown. 
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In order to consider the rate of trans¬ 
piration in the individual years, it is 
better to treat them in different groups, 
according to the conditions of the experi¬ 
ment : 

(i) 1936- 38 : The size of pots 
(12" x 12"), number of plants in each pot 
(one) and the type of bajra (Local) were 
almost the same in the first three years ; 
the sowing dates were slightly different. 

(ii) 1930 : A late type of bajra (Farm) 
was grown instead of the Local; 

(iii) 1940-’42 : Bajra Local was sown 
at about the same time (last week of June 
in the three years); two plants were grown 
in each pot of the size, 12" X 18". 

Group (i). 1936-’38* 

1936 

Weather : The kliarif season of 1936 
experienced mild and uniform weather 
conditions during the cropping period. 
The average weely Relative Humidity at 
8-40 hours fluctuated between 60% and 80% 
during the period, 3rd to 9th week after 
sowing, remained above 80% during the 
following two weeks, and then rapidly 
went down. The Maximum temperature 
remained high (about 95"F) and fairly 
steady from 3rd to 6th week when it went 
down to about 88 F (7th week) and re¬ 
mained steady during the following week. 
It rose slightly in the 9th week and kept 
steady for the next two weeks when it 
started increasing gradually, finally reach¬ 
ing to about 97 ; F at the harvesting time 
(15th week). 

Transpiration. 

Pre-earing period (3rd to 7th week): 
The rate of transpiration was at alow 
level (194 gms.) during the third week 
after sowing, remained almost the same in 
the next week too, while the mean Relative 
Humidity went up from 66% to 80 % In 
the following week (5th), the humidity 
fell down to 64% and transpiration rose 
up sharply to 555 gms., almost t hree times 
the transpiration of the previous week. 


The rate continued to increase though at 
a slower pace till the 7th week. The 
influence of humidity, which was at a 
higher level during this period, on trans¬ 
piration was marked to some extent 
by the rapid growth of the plant, result¬ 
ing in more foliage. 

Earing period (8th to 10th week): In 
the 8th week (1054 gms), transpiration 
was lower than that of the previous week 
(1214 gms.); humidity increased from 74% 
to 79%. The first ear appeared during 
this week. Transpiration showed a sharp 
rise to 2296 gms. in the next week, 9th, 
though humidity went down only slightly. 
In the 10th week, the curve for transpira¬ 
tion started going down; the humidity 
was 82%. 

Maturity stage (l 1th to loth week); 
Transpiration continued to go down grad¬ 
ually during this period except fora slight 
rise in the 12th week which apparently 
was caused by a sudden and sharp fall in 
humidity. 

1937 

Weather : The year was definitely more 
dry than 1936. The average Maximum 
temperature fluctuated between 95 F and 
100 F but the charges were quite gradual. 
Weekly evaporation reached a high level, 
above 100c. c. during 5th and 6th week 
and again in the loth week ; in the other 
weeks, it was below 80c. c. 

t 0 

Transpiration* 

Pre-earing stage : In the 3rd week, 
transpiration was quite low (1^8 gms.), 
and evaporation was also low (45c. c.). 
During the next week, evaporation went 
up to 71c c. and transpiration to 523 
gms. The steep rise in both the curves 
was maintained in the following week (5th) 
too. In the 6th week, evaporation re¬ 
mained steady but transpiration con¬ 
tinued to increase though at a slower rate. 
There was a sharp fall in evaporation from 
108c. c. (6th week) to 68c. c. (7tli week), 
but this is reflected only by a slight fall 
in transpiration from 2978 to 2918 gms, 
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The first ear was formed in the 6th week 
itself. 

Earing stage : During this period, trans¬ 
piration was following the changes in 
evaporation which showed a slight rise in 
the 8th week to 78c. c. and then rapidly 
went down to 31c. c. (10th week). 

Maturity stage : In the 11th week, the 
curve for transpiration followed the eva¬ 
poration curve but later on, the former 
gradually went down irrespective of 
changes in evaporation. 

1938. 

Weather : The year experienced severe 
drought conditions throughout the crop¬ 
ping period. The Maximum temperature 
remained steady at a high level, about 
100F. Evaporation remained above 
80c. c. except during the 7th week when 
it was 62c. c. 

Transpiration. 

Pre-earing stage : Transpiration in¬ 
creased gradually from the 4th week while 
evaporation varied between 80c*. c. and 
90c. c In the 7th week, the evaporation 
was only 62c. c. compared to 89c. c. of 
the previous week, but transpiration 
showed a sharp increase from 634 gms. 
(6th week) to 2246 gms. in the 7th week. 

Earing period : Evaporation increased 
rapidly from 7th week (62c. c.) to 9th 
week (104c. c.). Transpiration also in¬ 
creased ; the increase continued, though 
slowly, in the next week, while evapora¬ 
tion showed a slight fall to 90c. c*. 

Maturity period : Evaporation remained 
at a high level, fluctuating between 90c. c. 
and 147c. c., but transpiration, after 
reaching the peak level of 3848 gms. in 
the 10th week, went down gradually. 

During this year, the transpiration 
cuive practically followed its own course 
and was affected little by the changes in 
evaporation which remained at a high 
level throughout. 


The three years (1936-’38), considered 
above, experienced different weather con¬ 
ditions. Comparing 1937 with 1938, as 
the date of sowing was the same and 
also as data on evaporation are available 
for these two years, it is seen that in 1937, 
there was a better correlation than in the 
drought year (1938) between evaporation 
and transpiration during the earing 
period Moreover, growth and earing 
were delayed in the ‘dry’ year. 1938. 

Group (ii). 1939. 

As a slightly late type, bajra ‘ Farm ’, 
was sown during this year, it is treated 
separately. 

Weather conditions during the year 
were similar to those in 1937. The Maxi¬ 
mum temperature remained between 90 F 
and 100 F Evaporation reached a high 
level (above 100c. c. per week) on two 
occasions, (a) 6th and 7th weeks and (b) 
14th and 15th weeks. 

The stages of growth of bajra ‘Farm’ 
fall in slightly different periods from those 
of the Bajra Local. 

Pre-earing stage ( 4th to 9th week ajter 
sowing): Transpiration which was low 
(119 gms.) during the 3rd week rose up 
rapidly to 409 gms. in the next week, 
though evaporation was almost steady. 
From the 4th to the 6th week evaporation 
went up rapidly (70c. c. to 127c. e.) and 
so did transpiration (409 gms. to 4846 
gms ). There was a continuous fall in 
evaporation up to the 9th week reaching 
73c. c. at this time, but transpiration 
continued to increase with only a slight 

_ » o 

fall in the 8th week. This fall coincided 
with a drop of 31c.c. (from 108c.c. to 
77c. c.) in evaporation. 

Earing period (10th to 12th week): 
Transpiration which reached its peak 
level (7741 gms.) in the 9th week, i.e , a 
week prior to the emergence of the first 
ear, started going down continuously. 
Evaporation also followed a similar 
course. 


Maturity stage (13th to 15th week): 
Transpiration showed a slight increase in 
the 13tli week coinciding with a similar 
increase in evaporation. Transpiration, 
then, went down continuously irrespective 
of changes in evaporation. 


It may be mentioned here that plants 
of bajra Farm are taller and they grow 
less rapidly than those of the Local. 

Group (iii.) 1940-’42. 

Weather: The experimental conditions 
during these three years were almost the 
same, but the weather changed from year 
to year. The year. 1940. experienced a 
mild climate from the 4th week to the 
10th week and even afterwards, evapora¬ 
tion remained below 100c.e. The Maxi¬ 
mum temperature fluctuated bet ween 82 F 
from the 3rd to the 8th week, but later 
on, it remained steady at about 97 F. 
There were two dips in the curve for sun¬ 
shine, in the 5th and the 8th week : from 
the 10th week onwards, it remained 
steady. 

In 1941. the curves for the weather 
elements show three waves, the three 
peaks coming up in the 5th or the 6th 
week, the 10th and the 14th week. 


The year. 1942, was quite ‘wet ; eva.}jur¬ 
at ion. Maximum temperature and sunshine 
remained low from the 5th week to the 
13t h week. Fluctuations in hours of 
sunshine were more marked than those in 
evaporation or temperature. 

Transpiration. 

1940. 

Pre-ear ing stage (3rd to 7 th week): 
From the 3rd week to the 5th week, 
transpiration remained low (about 550 
inns.) and showed no increase while eva- 
poration went down rapidly from 108c.c. 
to 78c.c. and then to 18c. c. The Maxi¬ 
mum temperature and sunshine were 
steady during the 3rd and 4th week but 
went down sharply in the 5th week. In 
the following two weeks, transpiration 
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increased rapidly; the results for the three 
weather elements also showed increase 
but transpiration appeared to follow more 
closely the sunshine. 

Earing stage (8th to 10th week) : Trans¬ 
piration showed slight fall during the 8th 
week (from 3621 gms in the 7th week to 
3274 gms. in the 8th) coinciding with a 
fall in the weather curves. Then there 
was a sharp rise during the next two 
weeks, reaching a maximum of 8439 gms. 
in the 10th week; the curves for the 
weather elements also showed similar 
rise, more so. the curves for sunshine and 
evaporation. 


Maturity stage (11th to loth week): 
After a slight fall in transpiration to 8297 
gms. in the lltli week, the curve went 
down rapidly till maturity, irrespective of 
changes in the weather elements. As in 
t he previous years, the rate of fall in 
transpiration seems to be influenced by 
changes in evaporation: a rise in evapora¬ 
tion retarded the fall in transpiration 
and a fall in the former accelerated the 
fall in transpiration. 

It may be noted that transpiration 
during 1940, unlike that in the other 
years, was low in the first few weeks i e., up 
to the 5th week : growth was slow during 
this period due apparently to the un¬ 
favourable weather conditions. Later on, 
it w as compensated by quick growth and 
heavy transpiration when the weather 
improved. 


1941 

Pre-ear ing stage: Transpiration was 

low (460 gms.) during the third week but 

rapidly increased till the 6th week (4158 

gms.) while evaporation increased from 

87c.c. (3rd w^eek) to 148c.c. (5th week) 

and then sharply went down to 90c.c. in 

the 6th week. The curve for sunshine went 

down slightly from the 3rd to the 5th 

week followed by a small increase. Maxi- 

* 

inum temperature was fairly steady and 
remained above 100 F till the 6th week. 
During the 7th week, there was a fall in 




the curve for transpiration as well as in 
the curves for the weather elements. 

Earing period : In the first two weeks 
N of this period, transpiration increased, 
closely following the changes in evapo- 

v O O X 

ration, maximum temperature and, to 
some extent, sunshine. In the 10th week, 
inspite of further increase in evaporation, 
temperature and sunshine, transpiration 
started going down. 

Maturity stage: The fall in transpi¬ 
ration, started in the 10th week, gained 
momentum, and reached a low level of 
1209 gms. in the 12th week. Then there 
was a slight rise in the next two weeks, 
followed by a further gradual fall; this 
portion of the transpiration curve closely 
1 olio wed the changes in evaporation. 

The year was typically different from 
the others, in that it experienced, rather 
suddenly, mild weather just at the time 
of emergence of the first year. Moreover, 
prolongation of the post-earing period 
by one week, as well as the close resemb¬ 
lance between the transpiration and 
evaporation in the last few weeks, indi¬ 
cate that the first ear did not mature 
properly and initiated greater activity in 
the primary and secondary tillers to form 
ears; still the yield ol grain was low. 

1942 


(9th week), it came down to 15 c.c. in the 
10th week The sunshine was quite low 
in the 8th week and increased almost to 
the previous level in the 9th week. The 
curve for transpiration followed in general 
the trend of the curve for Maximum tem¬ 
perature. 

Maturity stage : Transpiration showed 
a big fall in the 11th week, from 2117 gms. 
(10th week) to 607 gins. (11th week) and 

then immediately rose to 1793 gms. in the 

' 1 — 

12th week. Evaporation, which was at 
a low’ level, continuously increased during 
these two weeks, though slowly, and did 
not correspond with the changes in trans¬ 
piration, especially in the 11th week. The 
fall in transpiration (lltli week) coincided 
with a similar fall in temperature and 
sunshine. The curve foi transpiration 
followed generally the curves of the 
Maximum temperature and sunshine. 
During the next two weeks (13th and 14th) 
transpiration went down while the curves 
lor the weather elements lose up. 

The year 1942 was again typically 
different from the other years, in that the 
weather was continuously humid and 
cloudy throughout the kharif season. 
Transpiration was at a low level till the 
end. As seen in the 1 1th week, transpi¬ 
ration was affected by changes in sunshine 
and temperature ralhei tlian by evapo¬ 
ration. 
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Prt taring stage : Transpiration rapidly 
increased from 358 gms. (3rd week) to 
812 gins. (4th week). The increase was 
maintained up to the 7th week (3024 gms.) 
though not at the initial rate. Evapo¬ 
ration rapidly went down from 70 c. c. 
3rd W eek) to 39 c.c. and 16 c.c. in the 
ollowing two weeks and remained steady 

! uung the 6th week. It increased to 42c.e. 
m the 7th week. 

Earing stage: Transpiration gradually 
went down during the 8th and the 9th 
week and showed a slight rise in the 
following week. Evaporation went down 
Irom 42 c.c. (7th week) to 21 c.c. in the 

8th week and, after a slight rise to 25 c.c. 


Summing up the results for the seven 

years, the lo lowing conclusions can be 
drawn : 

(1) transpiration was low during the 
three weeks after sowing, which included 
the germination and tillering stages. Re¬ 
cording of data was begun only from the 
3rd week. 

(2) When the main stem began to elon¬ 
gate (4th week usually), transpiration rose 
sharply. This might lie due to the greater 
exposure of the elongating stem and thus 
the transpiring surface to the effect of 
wmd etc. The rate of increase in weekly 
transpiration kept up till about the 6tli 
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week i.e., a week before the emergence of 
the first year. 

(3) The maximum rate of transpiration 
was reached during the earing period (8th 
to 10th week) and then the curve began 
to go down. 

(4) During the post-earing period, trans¬ 
piration generally went down. The down¬ 
ward trend was not as steep as the rising 
portion of the curve noted in the pre¬ 
earing period. It was apparently due to 
the continuous formation of tillers, espe¬ 
cially secondary, during the post-earing 
period. 

(5) Comparing the curves for transpi¬ 
ration with those for evaporation, the 
following points could be noted : 

(i) During the pre-earing period when 
the main stem was growing rapidly, an 
increase in evaporation accelerated the 
rate of increase in weekly transpiration; 
a fall in evaporation retarded the rate of 
increase in transpiration, while later on, it 
might result in a fall in transpiration (e.g., 
8th week of 1939 and 1940: 7th week of 
1941). 


(ii) During the earing period (8th to 10th 
week), when normally the changes in leaf- 
area were slight, there appeared a greater 
resemblance between the curves for evapo¬ 
ration and transpiration; but this was not 
true when the evaporation 'was at a high 
level (above 90 c.c.) as in 1938, or low 
(below 30 c.c.) as in 1942. 

(iii) In the post-earing period (maturity 
stage), a fall in evaporation accelerated 
the fall in transpiration, vvhile an increase 
in the former retarded the latter. 

(0) Considering the curves (Fig. I) for 
sunshine and Maximum temperature which 
most often followed a similar course, 
there were occasions when changes in 
these elements (especially sunshine) rather 
than in evajmration, could account for 
variations in transpiration, e.g,, 11th 
week of 1942. 

Total amount of water transpired. 

The values obtained for the seven years 
are tabulated below : 


TABLE NO. II. 2. 

Total transpiration by Bajra. 




(Mean per pot 

in K. gms.) 



1936. 

1937. 

1938. 1939. 

1940. 1941. 

1942. 

Mean. 

11.9 

21.4 

28.1 58.3 

51.6 37.0 

18.2 

32.3 


1 9 " V 1 9 n . 

0 I 

1 9"X 18" 

t 


f 

1 Z -A I £ 

pots. 

J 

1 *- JL O 

pots. 




1936-1938 : The total transpiration 
varied from 11.9 K. gms. (1936) to 28.1 
K. gms. (1938); weather during 1936 was 
relativelv wet: the Relative Humidity 
remained above 60 almost to the end. 
The year 1937 experienced dry conditions 
(weekly evaporation: above 100c. c.) in 
the pre-earing stage (5th and 6th week), 
while, in 1938, weekly evaporation re¬ 
mained above 100c. c. during the earing 


and maturity stages. Total transpiration 
amounted to 21.4 K. gms. in 193 7 and to 
28.1 K. gms. in 1938. 

1939 : The result is not strictly com- 
parable with the values of the remaining 
years, as a slightly late-earing type of 
bajra (Faint) was grown instead of the 
Local. 



1940 - 1942 : The three years experi¬ 
enced widely contrasting weather condi¬ 
tions. 

In 1940, the weekly evaporation re¬ 
mained, almost throughout, below 00c. c. : 
the plants grew vigorously and transpired 
heavily, the total transpiration being 51.6 
K. gms. per pot with two plants. The 
total transpiration was low (18.2 K. gms ) 
in 1942, when the weather was definitely 
‘ wet ’; weekly evaporation was quite low 
throughout. Growth of the plants was 
poor. The j 7 ear 1941 experienced inter¬ 
mittent drought conditions; the values 


for weekly evaporation shot up beyond 
100c. c. three times during the life of the 
plants in the 4th and the 5th weeks 
(pre-caring stage), in the 10th (earing 
stage) and in the 14th week (maturity 
stage). The total transpiration was only 
37.0 K. gms. compared to 51.6 K. gms. 
uf 1940. 

Total dry matter formed in the plant*. 

Results for all the years except 1939 
are summarised below ; dry weight of 
shoots is omitted as its variations in the 
different years closely agreed with the 


TABLE No. II. 3. 


Dry matter formed in the harvest plants. 

Bajra Local. 


(Mean per pot in gms.) 



Observations. 


12" X 12" pots. 
1936 1937 1938 


12" X 18" pots. 
1940 1941 1942. 


Oven-dry weight of: 

Leaves: 

Whole plant: 

Air*dry weight of Grain : 

5.7 

39.6 

6.9 

5.5 6-6 

40.1 51.3 

8.9 10.5 

28.5 

184.3 

50.9 

16.1 

82.6 

14.9 

15.1 

75.7 

14.6 

Ratio: Shoot/Grain . 

3.1 

2.8 2.9 

1.9 

3.8 

3.4 


i variations in the dry weight of the wholo 
plant. 

Keeping in view the difference in the 
size of the pots, a comparison of the data 
is valid only within each group. 

In comparatively ‘wet’ years, like 1936 

and 1942, growth of the plants and the 

yield of grain were poor. Growth was 

vigorous and the yield was maximum 

when the weather conditions were 
moderate as in ] 940. 

11 i. /» „ ^ occurring during 

e life of the plants, retarded consider¬ 
ably the growth and the yield of grain. 


(Compare 1941, which experienced three 
drought periods, with 1940, a mild season). 
However, the effect of drought was almost 
the same or even less severe than that of 
continuous wet weather as is observed on 
comparing the results of 1941 with 1942, 

Comparing the resuts of 1937 (pre-earing 
drought) with those of 1938 (drought 
during the earing and maturity stages), it 
is apparent that the pre-earing (shooting) 
stage is relatively more susceptible to 
drought than the later stages, as growth 
of plants (dry weight of the whole°plant) 
and the yield of grain were perceptibly 
lower under former conditions. 
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Shoot/grain ratio : The ratio was high, effect of drought or continuous wet wea- 
about 3, in all the years except in 1940 ther was greater on the yield of grain 
(mild weather), when it was 1.9 ; the than on the growth of the plant. 

Water - Requirements of Bajra. 

The values are tabulated in the same way as for dry-matter. 


TABLE NO. II. 4. 


Water requirements of Bajra Local. 


(Mean per pot). 


W. R. on 

• 

i2": 

£ 12" 

pots. 

12" 

X 18" 

pots 

1936 

1937 

1938 

1940 ~ 

1941" 

1942 ' 

Leaf-dry-weight : 

2106 

3634 

4359 

1900 

2353 

1192 

S. E. ± 


— 

342 

241 

164 

80 

Grain: 

1730 

2475 

2977 

1020 

2802 

1382 

S. E. + 

— 

194 

568 

35 

450 

254 

Plant-dry-weight: 

303 

540 

550 

281 

449 

241 

S. E. + 

— 

25 

16 

8 

8 

9 


S.E.—Standard error. 

The water requirements, calculated on 
‘ leaves \ ‘ grain ’ or ‘ whole plant \ show 
the same trend in variation from year to 
year. 

The standard errors are generally high 
except for the water requirements on 

whole plant. 

Compared within each group (based on 
the size of the pots), wet weather resulted 
in the lowest values as in 1936 and in 

1942. 

Drought conditions increased the values 
considerably (1937 and 1938; 1941). The 
adverse effect of drought, during the pre¬ 
earing stage, on growth and yield of grain, 
noted in 1937, was not observed in the 
water requirements. (Compare 1937 with 

1938). 

The ‘ optimum ’ year ol 1940 (mild 
weather) gave consistently low values for 
the water requirements. They were as 
low as in 1942 (‘wet’ year) except for 
^ater requirement on whole plant which 


was significantly higher in 1940 than in 
1942. 

1940. 1942. Difference. 

W. R. on whole 

plant : 281 241 40 

Standard 

error: 4- 8 9 12 

Replications : 5. 

The differences between the two 
years for the water requirements on 
* leaves ’ and on ‘grain’ are not statisti¬ 
cally significant due to the high standard 
errors. 

Summary of the results on Bajra. 

(1) The curve for rate of transpiration 
went up sharply with the beginning of the 
pre-earing (shooting) stage. The rate 
reached the maximum level during the 
earing stage and remained fairly steady. 
It went down slowly during the maturity 
stage. 

(2) An increase in the weekly rate of 
evaporation accelerated the increase in 
the rate of transpiration during the shoot- 
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mg stage. A fall in evaporation during 
this period retarded the rate of increase 
in transpiration, making the curve less 
steep. 

During the earing stage, when the rate 

of transpiration was high and fairly steady, 

it was positively correlated with the rate 

of evaporation, provided the latter was 

not quite high. In a wet and cloudy 

season (1942), the rate of transpiration 

was influenced by sunshine rather than bv 

%/ % 

the evaporating power of the air. 

(3) The total water transpired de¬ 
pended on the growth of the plant which 
was influenced by the weather conditions 
prevailing during the pre-earing stage : it 
is directly affected by the weather condi¬ 
tions during earing and maturity stages. 

Total transpiration was the lowest 
during the wet years as in 1936 and 1942. 
Drought during the pre-earing stage (1937) 
retarded the growth and resulted in lower 
total transpiration than when drought 
occurred during the later stages of growth 
(1938). Mild weather resulted in vigorous 
growth and consequent heavy transpira¬ 
tion (1940). 

(4) In general, the yield of grain and 
dry matter formed in the plant were in¬ 
fluenced by the weather conditions in the 
same way as total transpiration. 

Grain to-shoot ratio was the lowest 
^ (1.9) under mild weather conditions 
(1940). Drought or wet weather influen¬ 
ced.alike the ratio, giving higher values. 

(“>) Drought conditions raised the water 
requirements, particularly ‘ on whole plant’ 
—660 in 1938 (a drought year) and 303 
in 1936 (a wet year). Mild weather of 
1940 resulted in plants with a balanced 
economy of water in relation to dry 
matter formed and yield of grain ; how- 

oTqi’ thewatei ‘ requirement on whole plant 
(^«1) was higher than that (241) of the 
v corresponding wet year (1942), the differ¬ 
ence being statistically significant. 

Large standard errors noted for the 
water requirements on grain indicate 


improper maturity, particularly in years 
with extreme weather conditions. 

JUAR 

(Statement II. A ; Fig. II. 2) 

Juar S. 21, a sweet type, was grown in 
all the seven years except in 1936, when 
Local, a non-sweet type selected from the 
locality, was grown. The two types, how¬ 
ever, differed little from each other regard¬ 
ing their growth stages which are : 

Staqe of (jrou'th. Week* after son'inq. 

Seedling : 1— 3 

Tillering : 4— 5 

Pre-earing or shooting: 6 —11 

Earing: 12—14 

Maturity: 15—16 

During the seedling and the tillering 
stages, the plants remain small with a few 
narrow leaves. Tillering is scanty and the 
tillers do not grow properly. The pre- 
earing stage is characterised by rapid 
elongation of the main stem However, 
the growth is less rapid than in bajra. 
The first ear appears about the 11th week 
after sowing and complete emergence and 
fertilization extend to the 14th week. By 
this time, i.e., about the beginning of 
October, the weather becomes dry and 
conditions are unfavourable for seed- 
setting and maturity. Thus the yield of 
grain by the juar plants is generally poor. 

The weather data for the kharif seasons 
of the seven years, 1936 -1942. have 

already been explained in detail under 
Bajra. 

Rate of Transpiration 

The results for the seven years are dealt 
with in a general way pointing out the 
interesting features in the different curves. 

dust as in bajra, the curves for rate 
of transpiration by juar plants showed 
variations in details, in the different 
years, due to the weather conditions. In 
general, the rate was low duripg the 
tillering stage, 
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Pre-earing stage :—The curve gradually 
went up from about the 5th week after 
sowing (beginning of pre-earing stage). 
Elongation of the stem started at this 
time. Depending upon the weather condi¬ 
tions, the weekly transpiration reached its 


maximum when the first ear appeared or 
even earlier; occasionally, under extreme 
conditions, the maximum was reached 
after the first ear emerged, as in 1942 (a 
wet year) and in 1938 (a dry year). 


TABLE NO. II. 5. 

# 

Maximum rate of transpiration by juar plants, in the different years. 


Maximum sate, in 


Year. 

IVlctAlLLLUIIi 111 

gms. per week per pot. 

First ear in week 
after sowing. 

Weather. 


actual. 

During week. 


1936. 

3060 

10th 

11th 


Fairly wet. 

1937. 

3208 

11th 

10th 


Drought in 

5th & 6th 
weeks. 

1938. 

6354 

13th 

11th 


Dry. 

1939. 

7338 

9th 

11th 


Drought in 

6th & 7th 
weeks. 

1940. 

9841 

11th 

11th 


Mild 

1941. 

7724 

10th 

12th 


Drought in 

4th, 5th, & 

10th weeks. 


1942. 

3848 

12th 

11th 


Wet. 

Note: i. 

Drought: 

Weekly evaporation 

above 

100 c. 

c. 

• • 

li. 

Dry : 

>5 >> 

>5 

80 c.c. 

almost throughout 


iii. 1936—1938: 12" X 12" pots; one plant per pot. 
1939 —1942: 12" X 18" pots; two plants per pot. 


iv. Juar Local in 1936; Juar S. 21 in other years. 


During the pre-earing stage, the rate of 
transpiration responded positively to 
increases in the rate of evaporation ; a fall 
in the latter, however, only checked the 
rapid rise in transpiration (1940 : 6th, 7th 
and 8th weeks); but if the fall in evapora¬ 
tion continued beyond one week, a fall in 
transpiration also occurred, but after a 
lag of one week (1939: 6th, 7th and 8th 
weeks; 1941 : 5th, 6th and 7th weeks). 

Earing stage ( 12th-14th week ): The 
rate of transpiration which had already 
reached a high level remained steady or 
Started going down. The rate responded 


better to changes in the evaporating 
power of air. As the stage coincided with 
the dry weather beginning about the end 
of September, the plants rapidly matured. 

Maturity stage ( 14lh to 16th week ): 
Transpiration went down rapidly in all 
the years except in 1936 and 1942, the 
two wet years, where the downward slope 
of the curves was less steep. 

Other points of interest from the curves 

(1) The ‘ optimum ' year of 1940 :—Just 
as for bajra, the year was favourable to 
growth of juar. The rate of transpiration 



steeply rose up during the stem-elongation 
stage (5th week: 193 gms.; lltli week: 
9841 gms.), remained fairly steady for 
two weeks and rapidly went down. 

(2) 1941 : The three intense fluctua¬ 
tions in the rate of evaporation with peak 


values in the 5th, the 10th, and the 16th 
weeks are clearly reflected in the curve for 
rate of transpiration. 

(3) 1942 : The big drop in transpira¬ 
tion in the 11th week was due to cloudy 
■weather as seen for bajra too. 


Other Observations 


Certain important results are summarised below : 


Total Transpiratic 

TABLE NO. 11. 6. 

n, dry matter, and water 

(Mean per pot). 

JUAR 

rt quirements. 


Year _T°tal 

Dry 

weight of 

W. 

R. on 

Transpn. 

shoot, plant. 

shoot. 

plant. 

K. gms. 

gms 

gms. 



12" X 12" pots. 





1936. 18.0 

49.4 

71.0 

365 

254 

1937. 28.6 

64.0 

88.8 

450 

324 




+ 17 

13 

1938. 44.2 

81.6 

110.8 

541 

399 




+ 16 

10 

12" X 18" pots. 





1939. 63.8 

141.6 

189.7 

454 

399 




+ 26 

15 

1940. 56.3 

165.2 

218.4 

341+ 10 

258+ 8 

1941. 52.3 

146.2 

182.6 

358 + 6 

287+ 4 

1942. 32.8 

114.7 

146.2 

285+ 5 

223+ 10 



shoot: above-ground part of the plant. 


The trend of variation from year to 
.year was practically the same for total 
transpiration and dry-weights, with one 
exception, the ' optimun ’ year 1940. 

-Hie influence of the climatic conditions 
was more pronounced on total water 
transpired than on growth; (compare 1936 
with 1938, and 1942 with 1939). 

As in bajra, growth of juar plants was 
poor and the total transpiration was low 
in 1936 and 1942, the wet years. 


Drought during the early-earing stage 
(1937) lowered the % growth and total 
transpiration compared to that with 
drought during the later stages (1938). 

The year 1940 with mild weather gave 
the best plants. 

Water requirements on * shoot ’ and on 
‘ plant ’ showed similar variations from 
year to year as was observed for growth 
and total transpiration. The values for 
‘shoot* ranged from 365 (1936) to 541 




(1938) and from 285 (1942) to 454 (1939). 
A similar variation was observed for the 
water requirements on ‘ plant ’. 

The standard errors for water require¬ 
ments are low in inanv cases, the diffe¬ 
rences ‘ between years * are significant. 

Comparison between Bajra and Juar 

Growth si ages :—Growth of the main 
stem of bajra is quicker than that of juar 
and earing in the former is earlier by 3 to 
4 weeks. This factor results in all the 
difference between the two crop plants 
regarding their success or failure to ma¬ 
ture properly, because the critical stem- 
elongation period for bajra falls during 
the normally wet months of July and 
August, while, for juar, the stage may 
end about the middle of September when 
the post-monsoon dry weather sets in the 
locality. Moreover, earing and maturity 
stages of juar are also adversely affected 
by the dry weather ; the plants begin to 
wither away before proper grain setting 

and maturity. 

Mate of transpiration : -In both the 
crop plants, the curves follow the same 
course. But the maximum rate is reached 
sooner by bajra than by juar. The rate 


by *bajra remains steady for a slightly 
longer period than that by juar. The 
downward movement of the curve for 
bajra begins earlier and is less steep than 
that for juar. 

The response of transpiration by both 
the crop plants to the weather elements is 
similar. 

Total transpiration :—Due to the longer 
growth period, and, more particularly, 
to the fact that juar plants experience the 
post-monsoon drought period during their 
maximum leaf-area stage, they transpired 
altogether more water than bajra plants, 
the mean values per pot for the seven 
year period being 42. 3 K. gms. (juar) 
and 32. 3 K. gms. (bajra,). 

In order to obtain a comparative idea 
of the influence of contrasting weather 
conditions on total transpiration, total 
dry matter formed in the whole plant, and 
water requirement on whole plant, the 
results of 1940 (an ‘optimum’ year with 
mild weather during most part of July 
and August), of 1941 (which experienced 
intermittent drought conditions), and ol 
1942 (a Vet year) are selected for the 
two crop plants, bajra and juar. Percent¬ 
ages arc calculated for the values of 1941 
and 1942 on 1940 for each crop plant. 


TABLE NO. II. 7. 


Percentages on the values of 1940. 


Observations. 

Bajra Local. 

Juar S. 

21. 

1940. 1941. 

1942. 

1940. 

1941. 

1942. 


Actual. % 

_ $ 

o 

/U 

Actual. 

0/ 

/O 

o/ 

/O 

9 

K. gms. 


K. gms. 



Total transpiration. 

51.6 72 

35 

56.3 

93 

58 


Gms. 


Gms. 



Dry-weight of the plant : 

184.3 45 

41 

2L8.4 

84 

67 

Water requirement on plant : 

281 160 

% 

86 

258 

111 

86 


The intermittent droughts experienced water transpired, resulting in a high value 
in 1941 reduced the growth of bajra for water requirement. The effect was 
Local without a similar reduction in total much less marked on juar 8.21. 



The ‘wet’ weather conditions are less In general, the water requirement (on 

favourable to growth of the bajra plants plant) of juar is lower than that of bajra, 
than of the juar. the mean values (of 7 year) being 386 and 

297 respectively. 

8. Rabi Crops: Wheat and Gram. (Statement II. B.) (Fig. II. 3,) 

The experimental details are summarised below : 

TABLE NO. II. 8. 


Details. 1936- 37 37-38 38-39 39-4 0 40-41 41-42 42-43 

Crops & types: 

Wheat: 8 A.-9 D.- 

Gram: T. 7. /-L P. 5s.-/ 

Date of sowing: 4 11 3 11 10 11 18 10 29 10 29 10 26 10 

Pot-size: -12" X 12"--12" X 18"- 

Plants per pot: -one- ---two-/ 


Replications . /-four- 

Soil-moisture: —Optimum (13", 

WHEAT 

The medium-early type, 9 D, was grown 
in all the years except in 1936-’37 when 

8 A. which ears about two weeks later 
than 9 D, was studied. 

Growth : The following stages can be 
roughly recognised in the growth of wheat 

9 D: 

Stage of growth . Weeks after solving. 


1. Germination and 

seedling: 0- 2 

2. Tillering: 3- 6 

•3. Stem-elongation : 7-14 

4. Earing: 15-18 

6. Maturity: 19-21 

6. Senescent : 22-24 


The final two weeks of the third stage 
which spreads over a long period. (7th to 
14th week), are characterised by a rapid 
elongation of the main stem (the ‘shooting’ 
stage), generally ending in the appearance 
of the first ear. During the earing stage 
(15th to 18th week), the tillers elongate 


on oven-dry basis) throughout' 

and form ears later. By the end of the 
maturity stage, i.e., end of March, the 
plants experience hot westerly winds and 
are ready for harvest in about two weeks. 

The period for each stage of growth 
(except the first stage) of wheat 8 A, a 
late type, is delayed by about two weeks, 
when compared with wheat 9 D. Wheat 
8 A was studied only in the first year 
(1936-’37). 

Weather conditions : (Statement I. B., 
Fig. I.). The mean values for Maximum 
and Minimum temperatures, hours of sun¬ 
shine (mean of six years —1937-’38 to 
1942-’43) and evaporation from Piche’s 
evaporimeter for the seven years (1936-’37 
to 1942-’43) are explained to give a 
general picture of the weather conditions. 

Mean of the 7-year period : During the 
third week after sowing (beginning 
of tillering phase in wheat about the 
middle of November), the mean Maximum 
and Minimum temperatures were 83 F and 
48 F, with 59 hours of sunshine and 60c.c. 
of evaporation (the latter two beino- 
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weekly totals). The curves for the four 
weather elements gradually went down 
with the onset of winter and at the end 
of the tillering stage (during the 6th week 
—end of December),, the values were 77 C F, 
44 F, 59 hours and 61c.c. respectively. 
The early stem-elongation stage (7th week 
onwards) experienced the mid-winter con¬ 
ditions and so, the growth was slow. The 
curves for the weather elements continued 
the downward trend and reached almost 
the minimum values of 69°F, 42 G F, 45 
hours and 44c.c. during the 12th week 
after sowing (about the end of January). 
Now the curves begin to rise and the stem 
elongated rapidly ; in the Uth week i.e., 
middle of February, the values were 72 G F, 
44 F, 52 hours and 46c.c.; the first car 
appeared in the wheat plants. The curves 


continue the ascent and at the end of the 
earing stage (18th week—middle of 
March), the values came up to 83°F. 52 f F, 
70 hours and 77c.c. The weather was 
warm, and dry westerly winds began to 
blow. The maturity period (19th-21st 
week) became fairly short. The weather 
curves ascended steeply, the values for 
the 22nd week (about the first week of 
April) were 91 G F, 57F, 72 hours and 
l42e.c. The plants were ready for harvest 
in a week or two. 

An approximate idea of the weather 
conditions in the different years can be 
obtained from the following table as 
indicated by the range in weekly evapor¬ 
ation during different stages of growth of 
wheat 9D. 


TABLE NO. II. 9. 


Range of variation 
week during 


in the values of Piche's evaporimeter in c.c. per 
the different stages of growth of wheat 9D. 


Stage of 

Week 

after 



growth. 

sowing 

36- 37 

37- 38 

Tillering : 

3- 6 

24- 64 

59- 78 

Stem elongatio 
earlv : 

", 

7-12 

30- 61 

29- 51 

(active): 

13-14 

60- 67 

29- 30 

Earing : 

15-18 

26- 86 

68-104 

Maturity : 

1 9-21 

89-104 

110-132 

Senescent : 

22-24 

85- 98 

144-162 


Evaporation was low during the stem- 
elongation stage in the three years, 1937- 
38, 5 40- ; 4l and 42-’43 : it was higher in 
J 38-’39 and for part of the period in 
’39-’40. 

The earing and maturity stages expe¬ 
rienced dry conditions in 1937- ; 38 and in 
’42-’43, compared to the other years. 
Evaporation was low during the maturity 
stage in 1939-’40. 


Years. 


38- 

■ 39 

39- 

40 

40- 

41 

41- 

42 

42- 

43 

44- 

■ 72 

68- 

78 

66 - 

71 

54- 

74 

47- 

60 

46- 

■ 72 

65— 

79 

26- 

76 

22- 

61 

14- 

36 

75- 

■ 84 

29- 

46 

30- 

31 

35- 

40 

22- 

41 

30- 

• 73 

17- 

67 

48- 

87 

32- 

71 

65- 

93 

73- 

• 99 

57— 

83 

75- 

125 

67- 

130 

96- 

102 

15- 

172 

109- 

116 

127- 

? 

• 

260- 

?. 

• 

131- 

2 


Wheat 

Rate of Transpiration: The curve for 
the mean rate of transpiration (mean of 
7 years) shows a gradual rise up to the 
end of the stem-elongation stage (12th 
week after sowing) though the curve for 
evaporation shows a downward trend. 
Transpiration continued to increase till 
the 19th week (end of earing stage), the 
rise in the curve being more steep, appa- 
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rently due to a similar rise in evapora¬ 
tion. During this week the transpiration 
per pot amounted to 4.7 K.gms. and eva¬ 
poration to 88.c.c. From the 2oth week 
onwards, evaporation went up conside¬ 
rably due to the hot westerly winds and 
the curve for transpiration went down 
rapidly, as the plants completed their 
life-period and dried up. 

The curves for the rate of transpiration 
and rate of evaporation for the different 
years indicate : 

1. Till about the end of the stem-elon¬ 
gation stage (12th week after sowing), 
transpiration was apparently independent 


of changes in evaporation, in all the years. 
In 1941-’42, however, transpiration went 
down from 1004 gms. in the 11th week to 
726 gms. in the 12th week with a similar 
fall in evaporation from 54c.c. to 22c.e. 

2. During the earing period alone, 
transpiration was definitely correleated to 
evaporation. 

The above conclusions become more 
clear when following values (mean weekly 
transpiration and evaporation during the 
different stages of growth) are examined. 
Results of the last four years are conside¬ 
red, as the pot-size and the number of 
plants per pot were the same. 


TABLE NO. II. 10. 

Mean weekly transpiration (gms.) and evaporation (c-c.) 


Stage of growth. 


1939-’40 

40-41 

41-42 

42-43 

Tillering 

T. 

272 

349 

383 

400 

(3rd to 6th week) 

E. 

75 

68 

66 

51 

Stem-elongation 

T. 

2143 

1751 

1737 

2006 

29 

(7th-14th week) 

E. 

62 

41 

45 

Earing. (15th to 

T. 

4799 

6169 

2955 

«S062 

18th week) 

E. 

55 

87 

71 

104 

Maturity (19th to 

T. 

4400 

4847 

2049 

3749 

21st week) 

E. 

68 

103 

101 

104 


T: Transpiration ; 


E : Evaporation. 


considered 


Totol transpiration : The values for the four years 1930-40 to 1943 43 are 

ed for a proper comparison. 


TABLE NO. II. 11. 

Total trantpiraiior. by Wheat 9 D in K. gmg per pot. 

(Mean of 5 values). 

1939- 40 40- 41. '41-42. '42- 43. 

49.6 49.0 30 7 53.1 


Mean. 

45.6 


Plants of wheat 9D transpired altogether 
about the same quantities of water in 
1939-’40 and ’40-’41 ; it was low in 1941- 
42, when growth of the plants was un¬ 
accountably poor. During 1942-’43, the 


plants transpired about 4 K.gms. more 
water than in ’39-’40 or ’40-’41. 

The distribution of the total transpira¬ 
tion during the different stages of Growth 

is given along with the corresponding 
totals lor evaporation ; b 
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TABLE NO. II. 12. 


Transpiration (K. gms.) by Wheat 9 D and evaporation, during the 

different growth stages. 



Growth stage. 


1939- 40. 

Tillering. (3rd 

T. 

0.8 

to 6th week) 

E. 

226 

Stem-elongation. 

T. 

17.1 

(7-14th week). 

E. 

497 

Earing. (15th to 

T. 

14.4 

3 8th week). 

E. 

164 

Maturity. (19th 

T. 

13.2 

to 21st week), 

E. 

204 


40-41 

41-42 

42-43 

1.4 

• 

1.53 

1.60 

272 

265 

203 

14.0 

13.9 

16.0 

331 

360 

230 

18.5 

8.9 

24.2 

260 

213 

311 

14.5 

6.1 

11.2 

309 

302 

311 


T : Transpiration. 

In no two years, the weather conditions 
were alike throughout. In 1939-’40, trans¬ 
piration during the tillering stage was 

almost half of that for the same stage in 
the other three years. In the following 

stage, however, plants of 1939-’40 trans¬ 
pired more water than those of the other 

years. During the earing stage, plants of 

1942- 43 transpired most heavily; trans¬ 
piration was directly related to the evapor¬ 
ation in the four years except in 194l-’42. 


E. Evaporation. 

The plants of 1942-’43 apparently 
matured earlier due to the dry weather 
conditions, resulting in lower transpiration 
during the maturity stage compared to 
the first two years. 

Dry matter formed: Results of the 
three years, 1939-’40, ’40-’41, and ’42-’43 
are compared, as experimental conditions 
of the other years are varying. The year, 
1941—’42. is omitted as the plants were 
inexplicably poor in growth. 


TABLE NO. If. 13. 


Dry weight in gms. per pot. (Mean of 5 values) Wheat 9 D. 


Oven-dry weight of 

1 939—’40. 

40—41. 

42-43. 

Leaves: 

17.6 

17.5 

12.4 

Shoot (above-ground): 

131.5 

135. J 

118.2 

Grain (air-dry) : 

53.0 

57.6 

41.2 

Whole plant : 

141.6 

142.5 

131.7 


Plants of 1942—’43 were comparatively evaporation) as also during the earing and 
poor in growth and yielded less grain than the early maturity stages (high evapora- 
plants of the other years because the for- tion). Weather conditions resulting in low 
mer experienced adverse weather condi- evaporation during the maturity stage 
t>ions during the stem-elongation stage (low (below GOc.c. per week) and also during 
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the maturity stage (below 80c.c.) Water Requirements : —The results on 
apparently lower the yield of grain, ‘grain’ and on 'whole plant’ are given 
(Compare 1939—’40 with 1940—41). for the 7-year period .* 

TABLE NO. II. 14. 

Water requirements of Wheat. (Mean of 5 values). 


W. R. on 

1936-37 

37-38 

38-39 

Grain. 

1261 

1404 

1149 


+ 31 

22 

73 

Plant. 

460 

564 

508 


+ 9 

21 

21 


1936 — ‘37 : Wheat 8 A. 


39-40 

40-41 

41-42 

42-43 

Mean. 

940 

851 

1184 

1175 

1138 

32 

21 

46 

27 


351 

344 

3 9 3 

404 

432 

8 

5 

14 

11 


Other 

years: 

ft 

Wheat 9 D. 



The standard error has not exceeded 5 '. 
in any case, indicating low variation in 
the replicates. 

Due to differences in the experimental 
conditions (pot-size, etc.) of the different 
years, results of the last four years are 
compared among themselves. 

Dry weather conditions during the 
earing and early maturity stages, as in 
1942— ’43, resulted in higher water requi¬ 
rements on ‘grain’ and on ‘ plant ’ than in 
the normal year, 1940—’41. The diffe¬ 
rences between the two years for the 
water requirements amounted to 324 + 34 
(on ‘grain’) and to 60 + 12 (on ‘plant ). 
These differences are statistically signifi¬ 
cant as each difference is more than three 
times its standard error. 

Summary of the results on Wheat 9 D. 

L Plants of wheat 9 D, sown about 
the end of October, experience a long 
vegetative period due to the low tempe¬ 
ratures of the winter season. The ‘shoot¬ 
ing stage begins at the end of January. 
Earing occurs in February. Maturity 
period is relatively short due to warm, dry, 
westerly winds experienced at the end of 
March. The plants are ready for harvest 
in the early part of April. 

2. Weekly rate of transpiration shows 
jess variation in the different years during 


the vegetative phase than in the later 
stages, earing and maturity. The curve 
for transpiration rises gradually, till it 
reaches the maximum rate in the earing 
period. Transpiration is influenced by the 
evaporating power of the air mainly during 
the earing stage and early part of the 
maturity stage. The downward slope of 
the curve for transpiration during the 
maturity stage and later on is more steep 
than the rising part of the curve during 
the vegetative phase. 

3. The total amount of water trans¬ 
pired is chiefly influenced by the weather 

conditions during the earing and maturity 
periods (1 942-43). 

4. Conditions favouring low evapora¬ 
tion during the stem-elongation stage and 
high evaporation during the earing and 
maturity stages, adversely affect 5 the 
growth and yield of grain (1942-43). 

Water requirements on ‘grain ’ and 
on * plant ’ basis varied in general from 
*;>1 to 1404 (on grain) and from 344 to 
564 (on plant), the mean values beiim 
1138 and 432 respectively. The above 
values include the results on Wheat 8 A 
in 1936- 37 and those on Wheat 9 D in 
the remaining six years. 

It is clear from the results of l940-’4] 
and 1942—’43 that dry weather during 


5 
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earing and maturity stages affects adverse¬ 
ly the water requirements, more so, that 
on 4 grain ’ basis, as shown below. 


1940-’4l. 

r .R. on 
rain ’: 851 

plant 5 : 344 


1942- 43. 

1175 

404 


Difference 
as % on 

1940—*41. 


38% 

17% 


Cram. (Statement II. B ; Fig. II. 3). 


The experimental details are given in 
the beginning under ‘Rabi Crops * along 
with those of wheat. 


Growth : The different stages of growth 
of gram plants are less marked than those 
of wheat. Growth is slow till the plants 
are about ten weeks old (about the middle 
of January), when the first flower opens. 
Flowering continues along with further 
vegetative growth; maximum flowering 
occurs in February (13th to 16th week 
after sowing). Pod-formation which 
begins during the maximum flowering 
period extends up to the 18th week after 
sowing (about the middle of March). 
Maturity of the pods is completed by the 
21st week after sowing (beginning of 
April) and the plants are ready for 
harvest. 

The different stages are summarised : 
Growth stages [Gram). Week after sowing. 


Seedling 1 to 2 

Vegetative (mainly) 3 to 12 

Flowering ( ,, ) 13 to 10 

Pod-formation( ,, ) 17 to 18 

Maturity 19 to 21 


Gram, T. 7, which was tried only in 
1936-37 is later in flowering by about a 
week than I. P 58, which was studied in 
the remaining six years. Both the types 
are alike in other characters. 

Rate cf Transpiration : The curve for 
the rate of transpiration (mean of 7 years) 
gradually rose up from the 6th week (290 
gms. per week) after sowing, gathering 


momentum by about the 9th week (647 
gms). In the 12th week (end of the vege¬ 
tative stage), the rate was 1395 gms. 
The curve for weekly evaporation (mean 
of 7 years) continuously went down from 
66c.c. in the 4th week to 44c.c. in the 
12th week with minor fluctuations. 


During the flowering stage (from the 
13th week to the 16th week), the increase 
in the rate of transpiration amounted to 
1453 gms., the actual rate being 2848 
gms. per week. During this period the 
curve for weekly evaporation went up 
unsteadily from 44c.c. (12th week) to 50 
c.c. (16th week). The curves for both 
transpiration and evaporation continued 
to go up fairly rapidly up to the 19th week 
(beginning of maturity stage—about the 
third week of March); the values reached 
were 4702 gms. and 88c.c. per week, res¬ 
pectively for transpiration and evapora¬ 
tion. Now, the curve for the former went 
down rapidly though the evaporation 
continued to increase. 

It took 19 weeks from the time of sowing 
for the plants to reach their maximum 
rate of transpiration and in three weeks, 
it went down to the minimum level with 
the complete maturity of the plants. 

Fluctuations in evaporation during the 
ascending part of the transpiration curve 
either accelerated or checked the rise in 
the rate of transpiration depending upon 
the nature and intensity of the change. 
The rate of transpiration during the final 
stage of maturity period (descending part 
of the curve) was inversely related to the 
rate of evaporation. 

The curves for the different years show 
the following variations from the ‘ mean ’ 
curve. 


1. A definite dip in the curve for rate 
of transpiration in the rising portion (up 
to the 19th week after sowing) is met 
with in different weeks in the various 
years: 1936-’37 (15th week), 1938- 39 
(16th week), 1939-’40 (15th week), etc. 
These ‘ dips 1 are caused either by a sudden 
and intense lowering of evaporation or ft 
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gradual but continuous decrease in the 
same. 

2. The maximum rate of transpiration 
is reached in almost all the years in the 
19th week after sowing, the exceptions 
being 1941-42 (18th week) and 1942-48 
(20th week). Rate of evaporation was 
fairly high during the vegetative stage in 
the former year while it was low in the 
latter. 


3. The descending part of the trans¬ 
piration curve is either steep (as in 
1941-42, 42-43-etc.) or flat as in 1989-40, 
depending again on the evaporating power 
of the air. 

Total transpiration , dry weight of plant, 
and yield of grain : Results of the last 
four years, 1939-40 to 1942-4 3, when the 
experimental conditions (pot-size, etc.) 
are alike, are summarised: 


TABLE NO. II. 15. 
Gram I. P. 58. 


(Mean of 5 values). 


Observation. 

1939-40. 

40-41. 

41-42. 

42-43 

Mean 

Total transpiration (K. gms.) 

46.2 

32.8 

27.2 

49.4 

38.9 

Grain (air-dry) in gms. 

31.8 

30.7 

22.3 

35.1 

30.0 

Plant (oven-dry weight). Gms. 

108.4 

80.2 

55.0 

75.9 

79.9 


Apparently due to the earlier sowing 
date and to the relatively warm w’eather 

conditions during the vegetative phase, 

the gram plants of 1939-40 grew more 

vigorously than those of the other three 

years; the total transpiration by the 

former plans w’as also high (46. 2 K. gms.), 

second only to that of 1942-43 (49. 4 K. 

gms.), which experienced dry weather 

during the pod-formation and maturity 


Yield of grain was the highest 
(35.1 gms.) in 1942- ? 43, apparently due 
to mild weather (low r evaporation) during 
the late vegetative stage and the flower¬ 
ing period, resulting in balanced plants. 
Yield was low in 1941— ? 42, because of 
fluctuations in the weather conditions ; 
the evaporation curve shows three distinct 
4 dips \ 

Water requirements : The values on 
4 grain * and on 4 plant are tabulated below' 
for the seven years. 


TABLE No. II. 16. 

Water requirements of Gram on ‘grain 1 and on ‘ plant ’• 


S. E. : Standard error. 


1936- 37 : Gram T. 7. 

Other years : Gram I. P. 58. 


W. K. 

on 


1936-37 

37-38 

38-39 

39-40 

40-41 

41-42 

42-43 

Mean. 

Grain. 



1169 

1151 

1713 

1462 

1108 

1223 

1322 

1307 

S. 

E. 

+ 

33 

15 

276 

56 

85 

31 

26 


Plant 



501 

559 

593 

427 

414 

495 

652 

520 

S. 

E. 

+ 

12 

13 

33 

7 

17 

6 

13 
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The high standard errors observed for 
the values on grain in 1038-39 and 
1940-41, are due to the shedding of 

flowers caused by the relatively dry 
weather during the flowering period. 

Disregarding variations in experimental 
conditions, it is seen that the values for 
water requirement on grain for the 

different years ranged between 1108 and 
1718, the mean value being 1307. The 
\ ater requirement on plant varied from 
414 to 652 (mean : 520). 

Comparing the values for the last four 
years, with similar experimental condi¬ 
tions, the differences due to year ? are 
significant in many cases. It indicates 

the influence of the weather conditions 
on the water requirement. It is more 
evident in the high value of 652 for water 
requirement on plant in 1942-’43 ; the 
plants transpired heavily during the 

maturity stage due to exceptionally dry 
weather conditions, without a correspond¬ 
ing addition to growth. 

Comparison of Wheat and Gram. 

As wheat and gram are the two import¬ 
ant rabi crops of the locality, it would 
be interesting to compare their behaviour 

during the different years. They were 

•rrown in each year under identical condi- 

tions. 

Growth : As the two crop plants funda¬ 
mentally differ from each other, their 
detailed growth stages, as already enume 
rated for each crop, cannot he compared 
However, the life-periods of the two can 
be divided into the following broad stages: 


Week after sowing. 

Growth stage Wheat. Gram. 

Mainly vegetative : 3-14 3-12 

„ Flowering: 15-18 13-86 

Maturity: 19-23 17-22 

The following differences between the 

two crop plants could also be noted : 

(i) The first flower opens in gram in 
the 9th week after sowing (beginning of 
January) and earing in wheat plants 
begins in the 14th week after sowing 
(second week of February). 

(ii) The flowering period in gram 
extends from the 9th week till almost the 
end while earing in wheat is confined to 
about three weeks (15th bo 18th). 

(iii) Gram plants mature about two 
weeks earlier than wheat, thus escaping 
the warm dry winds of the early summer. 

Rate of transpiration : The curves for 
rate of transpiration (mean of 7 years) 
by wheat and gram follow the same 
course, the former remaining at a slightly 
higher level. The maximum rate is reached 
by the two plants at about the same time 
(19th week after sowing). The values for 
the mean rate of transpiration by wheat 
are lowered due to the inclusion of the 
data of 1941-’42, when growth of the 
wheat plants was poor. 

During the maturity stage, the curve 
for grain went down more rapidly than 
that for wheat. 

Fluctuations in evaporation affected 
similarly the rate of transpiration by 
wheat and gram during the vegetative 
and reproductive phases. During the 
maturit}' stage, changes in the rate of 
evaporation generally resulted in lowermg 
the rate of transpiration by gram to a 
greater extent than that by wheat. 


TABLE NO. II. 17. 

Total transpiration by gram as percentage on respective wheat values* 

1936^37 37-38 38-39 39-40 40-41 41-42 42-43 Mean. 



fatal transpiration: In all the seven 
years, total transpiration by gram is 
lower than that by wheat. 

Values nearer 100° o are due either to 
relatively low transpiration by wheat and 
high transpiration by gram (the latter of 
course, not exceeding that by wheat) as in 
1941—42, or similar transpiration by 


wheat and gram—high, as in 1939-*40 
and 1942-43, or low in both the cases. 

Dry matter formed and. yield of grain : 
The values for each crop plant are expres¬ 
sed as percentages on the mean values for 
the respective crop, for the last four 
years, when the experimental conditions 
were similar. 


TABLE NO. II. 18. 

Dry weight of plant and yield of grain in Wheat 9 D and Gram I. P. 58. 

(Percentage on the mean of the 4 years.) 


Observation. 

1939—40 

40—41 

41 42 

42—43 



o / 

/o 

«» 

U 

o 

/o 

Dry wt. of plant: 





Wheat: 

116 

115 

63 

106 

Gram : 

137 

101 

6!) 

94 

Yield of grain : 





Wheat: 

119 

12 9 

58 

93 

Gram : 

106 

■ 102 

74 

117 


Gram is more susceptible to changes in 
weather conditions than wheat regarding 
total dry matter formed in plants, the 
maximum variation being 68°,'. and 52'',, 
for Gram and Wheat respectively : the 
relationship is reversed for yield of grain. 

Water requirements: In five out of the 
7 years, the water requirement on grain 
was higher for gram than for wheat; a 
similar relationship exists for the water 
requirement on plant in six years; the 
difference between the means of water 
requirement on grain of wheat and gram 
for the 7-year period is 15°,, (expressed on 
the value of wheat); on plant basis, it is 
20'/*,; the actual values are given below ; 


(Mean of seven years) 


W.R. on 

Grain 

W.R.on 

plant 

Wheat. 

Gram. 

Wheat 

Gram. 

1138 

1307 

432 

520 

Tn many 

years, the 
*/ * 

differences 

between 


wheat and gram are statistically signifi¬ 
cant ; more so, for water requirement on 
plant. 

The values of the last 4 years are now 
considered in greater detail. They are 
expressed as percentages on the mean 
values for the respective crop plants. 
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TABLE NO. II. 1$. 


Water requirements on grain and on plant. Wheat 9 D and Gram I. P. 58. 

(Percentages on the respective means of the 4 years.) 


Observations. 


1939-40 


40-41 


41-42 42-43 Maximum variation 




W. R. 

on Grain : 




Wheat: 

91 

82 


Gram : 

114 

87 

W. R. 

on Plant: 




Wheat: 

94 

92 


Gram : 

86 

83 


The year 1940- 41 is selected as the 
optimum year, as growth and maturity of 
both wheat and gram were better in this 
year than in the other three years. The 
results of the other three years are com¬ 
pared with the percentage values obtained 
for 1940-’41 and the following conclusions 
are drawn ; 

Water requirement on grain ; and on 
plant .* 

(1) 193940 compared with 1940-41 : 
Cloudy and humid weather (refer sunshine 
and evaporation data), met with in 

1939-*40 during the period 13th to 16th 
week after sowing—(gram : end of flower¬ 
ing and beginning of pod-formation; 
wheat: end of stem-elongation and begin¬ 
ning of earing), adversely affected the 
grain yield of gram without a similar 
effect on the total water transpired ; this 
resulted, for gram in a large increase in 
the water requirement on grain in 

1939- ’40 over that of the optimum year 

1940- ’4l. Wheat was only slighty affect¬ 
ed. The difference between the percentage 
values of the two years is 27% for gram 
and 9% for wheat. 

Water requirement on plant remained 
almost the same in the two years, both 
for gram and wheat. 

(2) 1941-42 compared with 1940-41 t 

Fluctuations in the weather (indicated by 


o, 

/( J 

O/ 

o 

# 

O/ 

/o 

114 

113 

32 

91 

103 

27 

105 

108 

16 

100 

131 

58 


three ‘dips’ in the curve for evaporation) 
during the growth and earing (or 
flowering) stages of wheat and gram 
plants followed by ‘drought ’ during the 
maturity period, apparently resulted in 
the poor growth of the wheat and gram 
plants. Cloudy and humid weather, met 
with during the 16th and the 17th weeks 
after sowing, particularly the latter week 
(refer sunshine data), which coincided 
with the mid-earing stage of wheat, affec¬ 
ted the yield of grain by wheat without 
influencing in a similar way the total 
water transpired; so the water requi¬ 
rement on grain of wheat was higher in 

1941-’42 than in 1940- , 41. A similar 
effect was not seen on gram. 

Water requirement on plant shows a 
higher value for both wheat and gram in 
1941-’42 than their respective values in 
1940-’41. This may be attributed to the 
fluctuations in weather conditions met 
with in 1941-'42 during growth period as 
indicated by the three dips in the evapo¬ 
ration curve. 

(3) 1942-43 compared with 1940- 41 ■ 

In J942- , 43, dry weather occurring in the 
15th and the 17th weeks fearing stage in 
wheat and pod-formation stage in gram) 
resulted in lowering the yield of grain of 
wheat but not of gram. The water re¬ 
quirement on grain was raised for wheat. 
The small increase (16%) in the value for 
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water requirement on grain for gram is 
due to the relatively heavy transpiration 
by gram in 1942- , 43 (compared to 1940-’ 
41) caused by the drought during the 
early maturity period (19th and 20th 
weeks) of 1942-’43. 

The water requirement on plant was 
higher for both wheat and gram in 1942-’ 
43 than in 1940-’41, due to the drought 
during the maturity stage, when more 
water was transpired without additional 
growth. Gram suffered much more than 
wheat. The differences are 16% for wbeet 
and 58% for gram. 

Discussion 

Results of the present studies relate to 
four crop plants, bajra and juar (fodder 
type) during the kharif season (Tune to 
October), and wheat and gram during the 
rabi season (October to April). Leather 
(1910, 1911), working in Bihar (North 
India) included the above plants, except 
bajra, in similar studies over a period of 
two years. The growing seasons of the 
three crop plants, juar, wheat and gram, 
in his experiments are the same as adopt¬ 
ed in the present investigation. Grain-juars 
were investigated at the Dry Farming Re¬ 
search Scation at Sholapur (Kanitker, 1944) 

in South India, the cropping season being 
October to March, same as the rabi season 
in Noith India. Important among the 
investigators outside India are Briggs and 
Shantz (1913-1917) who carried out ex¬ 
tensive studies in the semi-arid plains of 
North America on a number of crop plants 
including juar and wheat; Tulaikov (1915, 

mo™ in South - e ast Russia, Richardson 
U y 23) and others. 

March of Transpiration 

T1 i e curves for weekly transpiration by 
the four crop plants, bajra, juar, wheat 
and gram follow their general growth 
behaviour. Bajra and juar (warm we¬ 
ather plants, with a relatively short total 
duration of 4 months) grew more rapidly 
than the winter plants, wheat and gram 
(with a life-period of about 6 months). So, 
the former plants reached their maximum 


rate of transpiration quickly (8 to 10 
weeks after sowing) and with maturity, 
the rate went down. Wheat and gram 
transpired at a slowly increasing rate 
during the mid-winter period (December 
and January) as growth was slow, and the 
maximum rate was reached about 18 
weeks after sowing. The downward trend 
of the curves with maturity of the plants 
is more steep for wheat and gram than 
for bajra and juar. A similar relationship 
between growth and march of transpira¬ 
tion is observed when bajra (relatively 
quicker growing) is compared with juar, 
and gram with wheat. 

The rate of transpiration by bajra was 
lower than that by juar. Similarly, the 
rate of transpiration by gram was lower 
than by wheat. 


Curves on march of transpiration by 
crop plants were given by Briggs and 
Shantz (1916) and Leather (1911) without 
giving a detailed interpretation of the 
same. \\ orkers in this field generally 
concentrated their attention either on 
transpiration in relation to weather ele¬ 
ments or on water requirements but 
rarely combined the two in understanding 
the behaviour of the plant. 


conditions 


jt mns pi ran on and treat her 
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Results correlating transpiration with the 
different meteorological elements are 
discussed elsewhere (Part X). At present, 
the relationship between the rate of 
evaporation (as measured by the Piches 
evaporimeter) and rate of transpiration is 
considered. A distinct positive correla¬ 
tion between the two was evident during 
maximum foliage-period, generally during 
earing or flowering stage. Fluctuations 
in evaporation resulted in similar changes 
in transpiration. In moist weather, when 
evaporation was low, a reduction in sun¬ 
shine and and maximum temperature 
resulted in a fall in transpiration, either 
due to lowered solar radiation or to 
closure of the stomata; (refer date for 

194 y, Bri gg8 and Shantz 
(1916) obtained a high correlation between 

transpiration and solar radiation. Several 
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workers noted a positive correlation 
between evaporation and transpiration in 

general. 

■ 


Total water transpired 

Total transpiration depended chiefly on 
the climatic conditions (mainly evaporat¬ 
ing power of the air) prevailing during the 
flowering and the early maturity stages 
when the plants possessed the maximum 
foliage. The total foliage developed by 
the end of the vegetative phase was influ¬ 
enced by the climatic conditions affecting 
growth during the stem-elongation stage; 
(compare 1941 with 1940 for bajra and 
juar; 1941-’42 with 1940*41 for wheat 
and gram). 


Total transpiration (mean of 7 years) 
by the four crop plants, bajra, juar (warm 
weather crops), wheat, and gram (cool 
weather crops) -are 32.3K. gms., 42.3 K. 
gms., 42.7 K.gms., and 35 2 K.gms. res¬ 
pectively. 


Bajra matured earlier than juar by 
about two weeks; and so is gram when 
compared with wheat. Thus transpiration 
by the early-maturing bajra and gram 
amounted to 76% and 82% ot that by juar 
and wheat respectively. 

The distribution of the total transpira¬ 
tion in the different stages of the life- 
cycle of the four crop plants is given 
below ; as percentage on total transpira¬ 
tion. 


TABLE NO. II. 20. 


Distribution of total transpiration in the different growth stages. 

(Expressed as percentage on total transpiration) 

(From mean values of the 7 years.) 



Stage of growth. 


Percentage transpiration on total 
Bajra. Juar. Wheat. Gram. 



o 

.n 

o 

V* 

O 

o 

O/ 

« > 


i 

5 

2 

3 

Tillering : 


1 2—3) 

(4-5) 

(3—6) 

(3-6) 

Stem-elongation : 

24 

55 

30 

25 


(4-7) 

(6-11) 

(7-14) 

(7-14) 

—A 

3f> 

31 

35 

39 

Earing: 


(8—10) 

(12-14) 

(15-18) 

(15-18) 

Maturity: 

39 

9 

33 

33 


(11-14) 

(15-16) 

(19-23) 

(19-23) 


* Figures in bracket s indicate duration of the stage in weeks after sowing. 
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As the growth stages of gram are not 
clearly distinguished, calculations for gram 
are made for tlie same stages of growth as 
of wheat. In general, about one-third of 
the total transpiration occurred during 
each of the relatively short stages of 
earing and of maturity. Juar, however, 
due to the long vegetative period and a 
relatively short maturity stage, trans¬ 
pired 55% and 9% of the total water in 
the two stages respectively. 

Briggs and Shantz (1916) found that 
25% of the total transpiration by several 
crop plants was lost during a drought 
period of 10 days, when the plants were 
in bloom. Richardson (1923) observed 
that about 80% of the water lost by 
winter cereals (total growth period of 7.5 
months) was transpired during a period 
of about 3 months. According to Tulaikov 
(1926). lor grain crops (wheat, barley 
etc.), which grow quicker and mature in 
3 months after sowing, the period of 
greater demand on the soil moisture was 
during heading out and blooming. With 
seed crops (corn, juar, etc.) which are 
relatively slow -growing and mature in 5 
months, the utilization of water is more 


regular, but, there are certain periods 
which are outstanding because of greater 
utilization of moisture. Singh, et al* 
(1935) recognize critical periods in rice, 
cotton, etc., but the results relate to data 
of one year only. The curves for march 
of transpiration given by Leather (1910) 
and bv Briggs and Shantz (1916) indicate 
heavy transpiration during the earing 
period, but an analysis of the data during 
the different stages of growth has not 
been attempted by them. 

Dry matter formation and yield of grain 

A comparison between the different 
crops is not strictly permissible, as each 
crop behaves in its own characteristic 
way. However, it is felt that valuable 
information can be obtained if a compari¬ 
son is made between crops of the same 
growing season. 

Dry-matter formed by bajra in leaves, 
shoot and whole plant amounted to less 
than 70% of that by juar (a fodder crop), 
while grain-formation was better in bajra ; 
among the rabi crop plants (wheat and 
gram), gram produces less dry matter and 
grain than wheat. 


TABLE NO. II. 21. 

Dry matter formed and yield of grain in Bajra, Juar, Wheat and Gram. 

(Mean of seven years). 


Observation 


Kharif crops. 
Bajra Juar %on Juai 


Rabi 


crops. 


Gram Wheat %on Wheat. 


Dry weight of: 
Leaves : 
Shoot : 
Plant : 

Yield of Grain : 


Gms. Gins 


16.2 

76.3 

92.4 

19.5 


25.7 

109.0 

143.9 

16.6 


O 

/O 


03 

69 

64 

117 


Gms. Gme. 


61.8 


26.8 


94.7 


69.0 103.4 


38.2 


o' 

/O 


65 

67 

69 


The differences between the crop plants 
are perhaps chiefly due to the nature of 
the plants, hut they also seem to be 
influenced by the duration of their life¬ 


cycle, provided the comparison is made 
between crops of the same season. Ex¬ 
tending the comparison further to all the 
four crops, it is seen that growth of the 
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warm weather (kharif -June to October) 
crops (bajra and juar) was better than 
the cold weather (October to April) crops 
(wheat and gram) ; however, the latter 
crops matured better, giving higher yields 
of grain. It confirms in general the 
accepted view that higher temperatures 
(within limits) are conducive to vegetative 
growth of plants while lower temperatures 
improve the reproductive phase. 


Intermittent drought periods or con¬ 
tinuous wet weather conditions were more 
harmful to growth of bajra than of juar ; 
similarly gram was more susceptible to 
changes in weather than wheat regarding 
growth but the relationship was reversed 
for yield of grain. (See Table Nos. II. 

7, 18). 


k The marked influence r . of climate .on 
growth of plants is also seen in the results 
given for juar in similar studies conducted 
for seven years r at Sholapur (Kanitkar, 
1944, p. 238). The dry weight of Ihe 
plant fluctuated between 14.3 gms. and 
42.1 gms., while in the present experiments 
at Rohtak, under strictly comparable 
experimental conditions, the range of 
variation for juar was from 146.2 gms., 
in a wet year (1942) to 218.4 gms. in an! 
optimum year (1940). 


Water requirements of different crops: 

I f • . : . r , v f . \ - < - 

Disregarding the variations in pot-size 
or in the strain of crop plant grown, 
which are found to be negligible, the mean 
values for water requirements on ‘ shoot 
‘ grain ’, and on ‘ plant ’ are given for the 
four crops : 


TABLE NO. II. 22. 


Water Requirements of Bajra, Juar, Wheat, and Gram. 

(Mean of seven years.) 


Observation. 


Kharif crops. 

Bajra Juar % on Juar 


Rabi crops 


Wheat Gram % on Wheat 


W. R. on 



O 

o 



0/ 

h 

Grain : 

2055 

* 

• f 

1138 

1307 

115 

Shoot: • 

: 475 

399 

119 

. - 476 

9 w • w 

, 576, 

* - 1 ’ « 

121 , 

Plant: 

386 

297 

130 

432 

520 

120 


* The value is omitted as maturity is imperfect. 


Bajra was more wasteful than juar; and 

so was gram compared to wheat. The 
rabi crops were more economical than the 
kharif crops regarding the w r ater-loss in 
relation to grain-formation. Comparing 

the four crops, gram was most wasteful 
and juar the least: the differences between 
bajra and wheat are small except on grain 
basis. Among the crops of the same 


growing season, the differences in the water 
requirements can be partly due to the 
variation in the duration of their life- 
cycles. the earlier maturing crops being 
more wasteful. 

The results obtained by other workers 
are summarised along with those of the 
present studies : 
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TABLE NO. It. 23. 
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Water requirements of Bajra, Juar, Wheat, and Gram. 


Crop, worker and place. 

Period of growth. 

W. R. 

on 

Shoot. 

Plaiit. 

'Bajra : 




Rao, Rohtak, (N. W. India) 

June to October, (1% 5 days) 

475 

386 

Kanitkar, Sholapur (South 

June to November, (150 

416 

— 

India) 

days) i . 



J war: ... . * 

? I a 11 p § n i j 5 « i i » ft * * n i 

• .... 

lo A 


w 4 m i J m W W J v # r 1 • 1- # 

Rao, Rohtak, Fodder type) 

June to October, (120 days) 

399 

297 

Kanitkar, Sholapur. ( Grain 

Nov. to March, f 102 days) 

433 

332 _ 

type) 


% 


• * i / ' • I 

Leather, Pusa, (N. E. 

June to November, (150 

400 

— — 

India)...(Fodder type) 

days) . , . ; 



Shantz, etc., (N. America) 

May to September, (120 

284 

— - 


days) 



Wheat: . . . 

w # f . 1 




Rao, Rohtak. 

October to April, (165 

476 

> 

432 


days) 


• 

Leather, Pusa. 

November to March, (140 

CO 

oo 

o 

__ 


days,) 


^ * 

Shantz, etc., (N. America'' 

April to August, (105 days) 

484 


Maximov, Russia. 

2 

• 


435 

Tulaikov, ,, 

2 

• 


415 

Gram: 




Rao, Rohtak. 

# • J A | • v • 

October to March (150 

576 

520 

I * * *. i 1 i ■ , 

days) 



Leather, Pusa. 

November to March, (125 

1217 



days) 



Briggs & Shantz, (North 

May to August(?) (85 days) 

638 

• 

America). 





Sources of data : Miller (1938;; Maximov (1929); Leather (1910-’ll;- 
Kamtkar (1944;. ’ •’ 


The variations in the values of the 
different workers, which are due to diffe¬ 
rences in experimental conditions, strains 
of crop plants grown, the growth periods, 
and climatic conditions, do not, however, 
exceed a maximum of about 100 for any 
crop. Leather’s figures are generally high. 


Except for juar, the figures obtained at 
Rohtak agree closely with those of Briggs 
and Sliantz and of the Russian workers. 
The values (on shoot) for the cereal and 
the millets fluctuate near about 400 while 
that for the pulse (gram) is definitelv 
higher (nearly 600). The four crops can 
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be arranged according to their consump- 
of water per unit dry weight of shoot 
as below : 

Crop: Gram ^ Wheat ^ Bajra > Juar 

Range of W.R. : 576-638 ; 476-484 ; 

416-475; 284-433. 

Briggs and Sharitz (1914) consider juar 
to be more ‘ drought-resistant ’ than the 
other crop plants. At Rohtak, rinder 


% % i 

field conditions, bajra is more successful 
than juar, and gram is better than wheat. 
The significance of these results is further 
discussed at the end. 

Influence of climatic conditions on 
Water Requirements. 

The large influence of climatic condi¬ 
tions on the water requirements of wheat 
and juar is evident from the figures given 
by different workers. 



II. 24. 


Range of variation in the water requirements of Juar and 

Wheat (on Shoot basis)* 


According to 

Shantz, etc*, N. Ami' ica, (1911—* 17) 
Oilman „ 

(1912— 5 18) 

Tulaikov (Russia) (1911-’17) 
Kanitkar, (Sholapur. India) 

‘ (1935-41) 

Rao (Robtakj India) 

(1936-42) 


Juar. Wheat. 

239 - 303 394 *- 639 

210 *- 284 333 - 531 

(Sorgo) 

- 316 - 628 

300 - 516 - 

(Grain) 

285 - 541 363 - 625 

(Fodder) 


Sources of data : Miller (J 938); Maximov (1929); Kanitkar (1944). 


The range of variation for juar is quite 
high, amounting to more than 90% in cer¬ 
tain cases; Irrespective of the locality, 
wheat shows a similar range of variation. 

As pointed out by Tulaikov (1922), and 
Shantz and Piemeisel (1927), the water 
requirements of plants are lower in wet 
years This has been confirmed by the 
results obtained for bajra and juar 
in 1942 (a wet year). However, the water- 
requirement is largely influenced by the 
weather conditions prevailing during the 
earing and early maturity stages rather 
than during the whole growth period. 
According to Miller (1923), though total 
evaporation during the growth period of 
Sudan grass remained the same in 1919, 
arid 1920, the water requirement in 1920 


was only 8l% of that in 1919 ; the differ¬ 
ence was apparently due to conditions 
favouring lower evaporation during the 
maximum foliage period in 19 20 compared 
to 1919. The results of the present studies 
give more detailed information on this 
aspect of the problem. In 1941, which 
experienced intermittent drought periods 
during the growth of bajra and juar, the 
water requirement of bajra was raised by 
60% and of juar by only 11%, compared to 
1940, a normal year. Due to difference 
in the growth stages of bajra and juar, 
the two crops were affected differently by 
the droughts. In a similar way, gram 
suffered more than wheat in 1942-43 
(drought during the maturity stage of 
wheat) compared to 1940-41 (normal 
year). 
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Sufficient importance has not been 
attached by other workers to the water 
requirement on grain basis. Richardson 
(1923) observed marked differences bet¬ 
ween the water requirements of wheat 
varieties on grain basis, but on plant basis., 
the differences were negligible. 


Grain-formation consists of a series of 
steps, each stage being susceptible to 
changes in the climatic conditions besides 
other factors; the effect of such changes 
is not similar on grain-formation, dry- 
matter formation in the plant as a whole, 
and on transpiration. Comparing the 
results obtained for gram and wheat over 
four years (1939-43)—refer Table No. II. 
19, the maximum variation for wheat was 
32% for water requirement on grain, and 
only 16% on whole plant ; the figures for 
gram were 27% and 58% on grain and on 
whole plant. 


Humid and cloudy weather for a short 
duration during the mid-blooming stage 
of wheat and gram reduced the yield of 
grain without a similar reduction in total 

water transpired; (gram in 1939-40 and 
wheat in 1941-42 compared to 1940-4 1, 
a normal year); the water requirement on 
whole plant was onlv si mill v affected. 

Drought conditions, met within 1942-43 
during the earing and maturity stages of 
wheat, affected its grain-formation and 
resulted in a higher Mater require¬ 
ment on grain than on plant basis. For 
gram, the influence was more marked on 
the water requirement on whole plant 
than on grain, evidently due to the earlier 
flowering and maturity of gram compared 
to wheat. 


SUMMARY. 

Ba.jra, juar, (kharif crop plants—June to 
October), wheat and gram (rabi plants- 
October to April) were studied over a 
period of seven years (1936 to 1942) at 
the Punjab Dry Farming Research Station, 
Rohtak, India. The plants were grown in 
large galvanised iron pots (mostly 12 "X 18", 


with 35 K. gms. of light loam soil in each 
pot). The moisture-content of the soil 
was maintained throughout (from sowing 
to maturity) at an ‘ optimum ’ level (13% 
on oven-dry basis i.e., about 70% of the 
field capacity) by an improved system of 
irrigation to obtain better distribution of 
the added water. The results are given in 
detail in Statements II A & B., and are 
also represented by graphs and diagrams 
(Fig II. 1, 2. 3). Data on weather elements 
are also included. 

Bajra grows quicker, ears earlier and 
completes its life-cycle too weeks before 
juar, thus generally escaping the post- 
monsoon drought occurring in October. 
Similarly gram matures about two weeks 
earlier than wheat before the warm drv 

o 

westerly winds of the early .summer in 
April. 

The curve for weekly rate of transpira¬ 
tion by ba.jra rises rapidly and reaches the 
peak level earlier than by juar, and with 
maturity, the curve goes down: gram, 
compared to wheat, behaves in a similar 
way. During the maximum foliage period 
(blooming and early maturity), the rate 
of transpiration by the four crop plants 
was directly correlated to the rate of 
evaporation. However, a sudden reduc¬ 
tion in sunshine due to cloudy Meat her 
lowers the rate of transpiration by bajra 
and juar without affecting evaporation. 

I he total amounts of water transpired 
are 32.3 K. gms., 42.3 K. gms., 42.7 K. 
gms , and 35.2 K. gins., per pot respective¬ 
ly for bajra, juar, wheat and gram. Nearly 
70 0 of the total Mater M'as transpired 
during the relatively short period of earing 
and maturity of bajra, wheat and gram. 
Juar lost more water during the stem- 
elongation stage than in the other stages 
of growth. Dry M'eather during the 
maximum foliage period (earing and" early 
maturity stages) increased the total 
transpiration. Drought occurring durum 
the stem-elongation adversely affected the 
growth resulting in smaller plants with 
less foliage and thus reduced the total 
transpiration. 
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Total dry-matter formed in the plants 
of bajra was only 64% of that in juar, but 
the yield of grain by bajra was 17% more 
than by juar (a fodder variety). Growth 
(indicated by total dry-matter) and yield 
of grain were lower by 33% and 31% in 
gram compared to wheat. 

Intermittent droughts or continuous wet 
weather conditions were more harmful to 
growth of bajra than of juar. Gram was 
more susceptible to changes in weather 
than wheat regarding growth but the 
relationship was reversed for yield of 
grain. 

The water requirements on plant basis 
were higher for bajra than for juar and so 
was gram, compared to wheat; the actual 
values (mean of 7 years) are 386 (bajra). 
297 (juar), 432 (wheat), and 520 (gram). 
The warm weather crops (bajra and juar) 
are more economical than the winter crops 
(wheat and gram) ; however, on grain 
basis, the latter crops fared better than 
bajra and juar; the values for water re¬ 
quirement on grain are : bajra—2055 : 
wheat—1138; gram—1307; a reliable 
figure for juar (a forage type) is not avail¬ 
able due to its imperfect maturity. 

The values for water requirement are in 
fair agreement with those obtained by 
other workers in India and elsewhere. 

The large influence of climate on water 
requirement is clear from the results of 
Mhe seven years. It was even greater 
than the difference between the various 


crops studied. Continuous wet wfetttjher 
gave the lowest values for bajra and juar. 
Drought in general, and particularly vtfieh 
it occurred during the maturity stage of 
the crop plants, raised their water require¬ 
ment. The crops responded differently tb 
the same drought, due to its occurrence 
in different stages of growth of the diffe¬ 
rent crops. , \ _. • |;) 

, • .. , j'» r* 

Water requirement on grain basis is a 
better criterion for judging the suitability 
of the different crops to any locality 
though it is more susceptible to elimatic 
conditions than the water requirement on 
plant basis : also the influence is not 
necessarily in the same direction on both 
the water requirements * further it differs 
with the crop too. The maximum varia¬ 
tion in the water requirement on grain for 
wheat, over a four-year period (1939-42) 
was 32% of the mean and only 16% for 
water requirement on plant basis ; the 
figures for gram are 27% and 58% respec¬ 
tively for water requirement on grain and 
on whole plant. 

Among the four different water require¬ 
ments, i.e., on total leaf-dry-matter, on 
grain, on shoot, and on plant, the individ¬ 
ual variations among the replicates, as 
indicated by the standard errors, are high 
for ' leaf and for 1 grain \ In general, the 
standard error is below 10% and frequently, 
much lower than 5%. Drought conditions 
resulted in greater variation in the values, 
particularly those on grain basis. 
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Effect of climate on march of transpiration and water requirements 
of important strains of the major crops of the locality, grown 

with optimum soil moist are. 


INTRODUCTION 


|i» f-i-tilM- 
ItjbtfsUlCh) 

As various strains of each crop respond 
differently regarding their growth and 
maturity to the weather conditions of any 
locality, it was intended to study in differ¬ 
ent years, the rate of transpiration and 
water requirements of a few promising 
strains of the major crops of the locality, 
bajra and juar during kharif season, and 
• * * 

| 4 ot f. 


wheat and grain during rabi. As each 
cropping season, kharif and rabi, is 
characterised by dry weather during the 
maturity stage of the crops, an early and 
a late strain of each crop were included in 
the studies. The plants were grown with 
optimum water-supply (13 o soil moisture) 
from sowing to harvest. 

o 


Experimental details and Result?. 

A. KHARIF CROPS. 


itoil* r, o * 

Experimental 

details : 


Details. 

1937. 

1938. 

1939. 

Crops and types : Bajra : 

/—Local; 

A. 1/3-/ 

Farm; A. 1/3/ 

f Juar: 

/—Local; 

S. 21-/ 

/Duggi; 8. 21/ 

Date of sowing: 

12/7 

11/7 

296 

Pot size : 

§ 

1 

1 

12"X12"- ; 

12 "X 1 8 • 

Soil in each pot. (K. gms.) 

1 

1 

23 

• 

35 

Plants per pot: 

/ 

/ 

-one-/ 

two 

Replications: 

4 

5 

5 

Soil-moisture-content: 

/Optimum 

(13 %) from sowing 

to harvest / 


Results (Statement III A ; Fig. III). 

Weather : In 1937; the weather was 
warm and dry at two times ; once in the 
middle of August, when the values for 
weekly evaporation from the Piche’s 
evaporimeter rose to about 109c.c. during 
the 5th and the 6th week after sowing ; a 
similar high value (llOc.c.) was again 
observed in the beginning of October, 
when the plants were 14 weeks old. The 
<*urve for evaporation reached its lowest 


level (35c.c.) during the 10th week after 
sowing. * 

In 1938. the evaporation was high, 
ranging generally between 80c.c. and 
100c.c. per week. The weekly evaporation 
went up even beyond lOOo.c, during the 
9th week (147c.c*.), the 13th week (103c.c.) 
and the 15th week (120c.c.), thus showing 
the highly fluctuating conditions of evapor¬ 
ation as also of the high level at which 
evaporation was going on. The above 



period (9th’week to 15th week after sowing) 
began in the middle of September and 
extended for about six weeks. 

In 1939, the evaporation was high during 
the 6th and 7th weeks (127c c. and 108c.c.), 
i.e , about the first fortnight of August, 
and again from the 14th week (156c.c.)— 
end of September - till the 16th week. 
The evaporation reached a minimum level 
of 48c.c. during the 12th week after 
sowing. 

In general, the rate of evaporation 
during 1938 was quite high compared to 
1939 or ’37 : rapid fluctuations were also 
higher in 1938 than in the other two 
vears. 

Bajra 

Bajra Local, an early earing type, and 
bajra A, 1/3, a late type, were studied 
during 1937 and 1938. In 1939, bajra 
Farm, a late-earing selection from the 
locality, was compared with A. 13. 

In 1937 and ’38, sowing dates were 
almost the same, about the 12th of July. 
The size of the pots (12"X12") and number 
of plants (one) in each pot were also 
identical. So, the results of these two 
years are dealt with together 

1937 and 1938 

Rate of transpiration :— In 1937, bajra 
Local showed a rapid increase in the 
weekly rate of transpiration from the 
third week (168gms.) after sowing, till 
about the 6th week (2978 gms.), when the 
first ear appeared. This rapid increase in 
the rate of transpiration coincided with 
the elongation of the main stem-. Since 
the 6th week, the rate remained steady 
for about two weeks and then gradually 
declined till the harvest time. 

In the same year, the weekly rate of 
transpiration by bajra A. 13 (the late 
type) showed a fairly rapid increase from 
the third week after sowing till about the 
5th week, the values in these two weeks 
being 278 gms. and 2153 gms. Then 


the increase in the rate was more 
gradual till the 8th week, when the rate 
was 3258 gms. There was a gradual 
fall during the following two weeks, the 
rate being 2050 gms. during the 10th 
week. The first ear emerged out during 
this week. In the 11th week, the rate 
suddenly went up to 3175 gms. after 
which it fell down gradually till the end. 

Before proceeding with the results of 
1938, it should be interesting to consider 
the development of these two types of 
bajra during the different stages. 

During 1937, seeds of both bajra Local 
and A. 1/3 germinated within about five 
days after sowing. Tillering started for 
the Local in the second week and almost 
simultaneously the main stem began to 
elongate. In the 6th week after sowing, 
the first ear appeared. During these three 
weeks (3rd to 6th week), the tillers, 3 to 4 
per plant, also started growing but slowly, 
and produced ears over an extended 
period. At a later stage, about the 8tli 
week after sowing, secondary tillers (2 to 
3 per plant) appeared'ftLjthe upper nodes 
of the main stem and of theeaidier formed 
primary tillers ; the secondary tillers also 
produced ears in two or three weel&s, but 
they did not mature uniformly \and 
remained green at the time of harvest, sit 
is thus evident that the different stages 
(tillering, stem-elongation, earing, ancj 
maturity) overlapped considerably due to 
the continuous production of a number of 
tillers, both primary and secondary. 

In bajra A. 1 y 3, the late tyj^e, tillering 
was much less (one or two per plant) than 
in the Local, and it occurred during the 
first three weeks after sowing. Stem- 
elongation of the main shoot started in 
the third week and the first ear appeared 
in the 10th week. This ear took about 
two weeks to bloom completely (by 12th 
week after sowing) and matured in 
another three to four weeks. The tillers 
(one or two) started growing from about 
the 5th week after sowing but rarely eared 
or matured normally. Secondary tillers 
were altogether absent, 


The two types are compared below: 




Stage of growth. 

Week after 

sowing. 

Tillering (Primary) 

Bajra Local. 

1- 2 

Bajra A. 1/3. 
1- 3 

Stem-elongation (Main stem) 

3- 7 

4- 9 

Earing (First ear) 

8-10 

10- 1 2 

Maturity 

11-14 

13-16 



The last two stages, earing and matu¬ 
rity, in bajra A. 1/3 occurred in September 
and October which were usually dry; 
while in the Local, earing (first ear) and 
maturity periods were over by the middle 
of September. 

1938. 

\ In 1038, the first ear of bajra Local 
- emerged in the 8th week after sowing i.e., 
about two weeks later than in the pre¬ 
vious year. In the case of A. 1 3. the 
first ear appeared in the 9th week, about 
one week earlier than in 1937. These 
differences were apparently due to changes 
m the weather conditions during the two 
years. In 1937, the climate was mild in 
the early stages and evaporation rapidly 
went up from the fourth week after sow¬ 
ing. The high rate of evaporation, which 
indicated dry weather, during the 5th and 
the 6th week after sowing did not appa- 
V rcntly affect the growth of the main shoot 
°f bajra Local, as it was almost complete 
by then and the earing was normal; but 
this period of high evaporation during the 
growth of the main shoot of A. 1/3. 
checked its elongation and delayed the 
emergence of the first ear. In 1938, the 
rate of evaporation was consistently high 
(80c.e. to 90c.e. per week) in the first few 
weeks after sowing and caused delay in 
earing of bajra Local, which matured late., 
compared to 1937. Bajra A. 1 3 was not 
1 80 much affected either with regard to 

time of the ear-emergence or its maturity. 

Rate of transpiration: The rate by 
bajra Local increased slowly from the 4th 


week after sowing to the 6th week, the 
actual weekly rates being 257 gms. and 
634 gms. in the 4th and the 6th weeks. 
At this time the rate of evaporation was 
fairly high and steady (between 80e.c. and 
90c.c. per week). In the 7th week, there 
was a sudden increase in the transpiration 
to 2246 gms.. more than three times the 
rate of the previous week ; but the evapor¬ 
ation showed an actual fall from 89c.c. 
(6th week) to 62c.c. ^7th week) during this 
period. Further increase in the rate of 
transpiration was gradual and continuous 
till the latter became 3848 gms., during tlie 
10th week, i.e., two weeks after the 
emergence of the first ear. During this 
period (8th to 10th week) evaporation was 
fluctuating between 82c.c. and 104c.c. per 
week. From the 11th week onwards, the 
rate of transpiration by bajra Local 
gradually fell down till the plants were 
harvested in the last week of October, i.e.. 
15 weeks after sowing:. 


In the same year, 1938, plants of bajra 
A. 1/3 were transpiring at a gradually 
increasing rate up to the time the plants 

were about six weeks old. In the 7th 
week, the rate went up suddenly to 2068 
gms. from 844 gms. (6th week) similar to 


the rise for Local but of less intensity. 
The rate of transpiration by A. 1 3 con¬ 
tinued to go up and it reached a maximum 
of 3982 gms., in the 10th week after 
sowing, a week after the first ear emerged. 
Since the 10th week, the rate continuously 
fell down, more rapidly from the 14th 

week onwards. The plants were harvested 

17 weeks after sowing i.e., two weeks later 
than bajra Local, 
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Comparison of Bajra Local and 

Bajra A. 1/3. 

The curves for rate of transpiration by 
the Local and A. 1/3 followed the same 
course in both the years, 1937 and 1938. 
In the early stages of growth i.e., till the 
plants were about 8 weeks old, the two 
curves were close to each other in both the 
years ; then they gradually separated out. 

The rate of transpiration by A. 1/3 was 
higher than by the Local except during a 
few weeks in the early stages of growth in 
the second year. The difference in the 
rates was more pronounced when the 
plants were 10 to 13 weeks old, when 
A. 1/3 was earing and the Local was 

maturing. 

In 1937, during the period, 8th to the 
12th week, the rate of transpiration by 
both Local and A. 1/3 responded to 


changes in evaporation; the total leaf- 
area of each type was fairly constant in 
this period. In 1938, in the same period, 
a rise in the rate of evaporation from 
90c.c. (10th week) to 147c.c. (11th week) 
did not result in similar changes in the 
rate of transpiration by the two types. 
The curves for transpiration were either 
steady or were going down slightly during 
this period. Apparently, the plants 
exercised control over transpiration under 
such adverse conditions. 


The response of transpiration to the 
evaporating power of the air is indicated 
by the figures given below; the actual 
values, obtained during the two years for 
weekly evaporation, and transpiration by 
the two types of bajra are tabulated for 
the period, .8th week to 12th week after 
sowing, when the leaf-area of the two 
types remained almost constant. Figures 
for percentage increase or decrease on the 
previous week are also included. 


TABLE NO. 3.1. 

Evaporation in c.c*, and Transpiration in gms 


Details. 


1937. 

Evaporation : 

(c.c.) 

Transpiration: 

(gms.) 


Actual loss during the week. % increase or decrease (on 

previous week) during the 


8th 


9th 


10th 


Hth 


week. 

9th 10th 


78 


51 


35 


76 


O/ 

/o 

-32 


o/ 

/o 

-31 


nth 



o, 


+ 117 


Bajra Local: 

Bajra A. 1 /3 : 

3055 

3258 

2028 

2863 

1558 

2050 

2148 

3175 

-34 

-12 

-23 

-28 

+ 37 
+ 55 

1938. 

9th 

10th 

11th 

12th 

10th 

11th 

12th 

Evaporation : 

(c.c.) 

Transpiration : 

(gms.) 

104 

90 

147 

• 

94 

-14 

+ 63 

-36 

Bajra Local: 

3600 

3848 

3590 

3454 

+ 7 

- 7 

- 4 

Bajra A. 1/3 : 

3680 

3982 

3940 

3874 

+ 8 

- 1 

- 2 




M r m \ 

In 1937, there was a slight positive 
Correlation between evaporation and trans¬ 
piration, while, in 1938, there was appa¬ 
rently an inverse relationship between the 
two, at least in the 10th and the llth 
weeks. It may be noted that the rate of 
evaporation was at a higher level in 1938 
than in 1937. The differences between 
the two types, regarding their response to 
evaporation, show that in 1937, the Local 
responded better than A. 1/3, when the 
evaporation was going down; with rise in 
evaporation, in the same year, the rate o1 
transpiration increased more in A. 1/3 
than in the Local, indicating that the 
latter possessed a better control over 


transpiration when the evaporating powe 1 ' 
of the air increased. 

In 1937, a high rate of transpiration 
(about 3 K. gms. per week) was maint ained 
by bajra Local for about three weeks (6th 
to 8th week), while for A. 1/3, the high 
rate kept on from the 6th week till the 
llth week except during the 10th week, 
when evaporation was low. In 1938, both 
the types maintained a high rate (3 to 4 
K. gms. per week) for about live weeks, 
from the 9th week to the 13th. 

Total water transpired : The following 
figures indicate the amount of losses by 
the two types in both the years: 


TABLE NO. 3.2. 


Total water transpired in K. gms. per pot. 



1937. 1938. 


Bajra Local: 

Bajra A. 1/3: 

Total evaporation (c.c.): 


21.4 28.1 

26.4 81.1 

974 3111 



Bajra Local transpired altogether less 
water than A. 1/3 in both the years; but 
the difference was less in 1938, which was 


comparatively more dry than 1937. 

Dry matter formed and yield of grain : 
The results are summarised below : 


TABLE NO. 3.3. 

Dry matter formed in the plant and yield of grain, 

(in gms. per pot with one plant.) 



Type of Bajra. 


1937. 1938. 


Plant. Grain. Plant. Grain. 



Bajra Local produced more dry matter 
in 1938 than in 1937; the yield of grain 
was aiso better (10.5 gms. in 1938 and 
8.9 gms. in 1937) but Bajra A/3 behaved 
in a contrary manner. It fared better in 
1937 than in 1938 which was comparat¬ 
ively more dry : its yields of grain were 
13.3. gms and 4.8 gms. respectively in the 
two years. Bajra A. 1/3 produced mere 
dry matter than the Local in both the 
years but in 1938, the difference was much 
less than in 1937 ; the yield of grain was 
higher for A. 1/3 than for Local in 1937, 
but low er in the second year. 


Though the plants were grown with 
good water-supply throughout their life- 
period, bajra A. 1/3 w as adversely affected 
by tlie dry weather in the second year, 
while Local fared better in this year than 
in 1937. Grain formation was affected in 
both the types if at the time of ear 
emergence, the w r eather was dry. This 
was observed for the bajra Local in 1937 
when the rate of evaporation was 108 c.c. 
during the 6th week after sowdng ; it yiel¬ 
ded 8.9 gms. in the following year when 
evaporation was 82 c. c. during the 8th 
w'eek when the plants formed their first 
ears : similarly for A. 1/3, the evaporation 
during the weeks when the ears emerged 
were 35 c.c. in 1937 (10th week) and 104 
c. c. in 1938 (9th week) and the yields 
were 13.3 gms. and 4.8 gms. in the two 
years. 


Water requirements : The values for 
water requirement on dry matter formed 
in leaves, shoot, and whole plant w'ere 
higher for the Local than for A. 1/3 in 
both the years. The difference was greater 
in the first year than in the second. On 
grain basis, the value was slightly higher 
for the Local than for A. 1/3 In 1937 
(Local: 2475+194; and A. 1/3: 2150 
+ 358) ; but the difference w as not signifi¬ 
cant. In 1938, the value for Local (2977 
+ 568) was significantly lower than that of 
A. 1/3 (6867^7 60). Thus it may be con¬ 
cluded that, under conditions of 'ox^timum 

water-sux^ply, 


• ^ ^ 

i. Bajra Local transpired more wate* 
per unit dry matter than A. 1/3, the diffe¬ 
rence being less in a dry year; 

ii. Bajra Local was as economical as 
A. 1/3 regarding water loss and grain 
formation in a normal year but more eco¬ 
nomical than A. 1/3 in a drought year. 

9 . . • 

1939 

In 1939, bajra Local was replaced by 
another selection from the locality, 
‘Farm’. This has about the same growing 
and earing periods as the late type, A. 1/3. 
The plants were grown in bigger pots 
(12"X18") than in the previous two years, 
with two plants in each pot. The seeds 
were sown on 29th June and the x^ants 
harvested 16 w r eeks later, about the mid¬ 
dle of October. 

Rale of evaporation : The rate increased 
rax+dly from the 4th week after sowing. 
It was 70 c.c. during the 4th week and 
127 c.c. during the 6th week. Then it 
went down continuously till it was 48 c.c. 
in the 12th w r eek. In the 13th week, it 
showed a slight rise reaching 59 c.c. Then 
there was a sudden jump to 156 c.c. in the 
14th w r eek ; it w ent down slightly and re¬ 
mained steady till the plants were harves¬ 
ted (16th week after sowing). 


Rate of transpiration : It was quite low 
and same for the two types of bajra dur¬ 
ing the 3rd week after sowing (119 gms.). 
It rapidly increased in both the types, the 
increase from the 4th to the 5th week 
being 4.5 times for ‘Far 111 * and 3.5 times 
for A. 1/3. The incraase in the rate con¬ 
tinued, but less rapidly, to the 7th week, 
the rate in this week being 7.4 and 7.7 K- 
gms. for ‘Farm’ and A. 1/3. The rates 
showed a slight fall and a rise in the folio- 
ing two weeks. From the 9th week, when 
the rates were 7.7 K. gms. and 7.8 K. 
for the tw r o t} r pes, they went down grad' 
ually. till the plants were harvested. Both 
the typos formed their first ears in the 
10th week (in the first week of September) 
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The curves for rate of transpiration by 
both the types lay close to eaeli other 
throughout; till earing, (for 8 weeks after 
sowing), the plants of A. 1 3 were losing 
water at a slightly higher rate than those 
of ‘Farm 5 ; since then, the order was re¬ 
versed. It may be noted that the ‘Farm 5 
type produced secondary tillers at this 
time and this character was absent in 
A. 1/3. 

Total water transpired: There was 

practically no difference in the total 
amount of water lost by the two types, 
the values being 58.3 K. gins. (‘Farm 5 ) 
and 58.0 K. gms. (A. 1/3). 


Dry matter production : The two types 
did not differ in the amount of leaf-dry- 
matter formed ; the shoot portion was 
more fo* 1 Farm than for A. 1/3, the values 
beinir 140.4 gms. and 133.5 gms. for the 

r? o o 

two types. The ‘Farm 5 yielded only 20.5 
gms. of grain while it was 35.3 gms. for 
A. I 3. The secondary tillers of the ‘Farm 5 

i 

increased the total shoot weight but not 
the grain yield, as tliev were late and did 

O t ' 

not mature. 


Water requirements'. The results are 


summarise 


TABLE NO. 



Water requirements of Bajra 


‘ Farm 5 and A. 



Type of 


Bajra. 

Leaves. 

‘ Farm 5 

1669 

A. 1/3. 

1658 



\V. R. on 


Shoot. 

Plant. 

Grain. 

418 

337 

1999+90 

435 

323 

1652+77 


The differences between the types are 
negligible except on grain bnsis. Bajra 
A. 1/3 was more economical regar¬ 
ding water-loss and grain yield than 
bajra. ‘Farm’ 

JUAR TYPES 

1037 and 1938 

Two types of juar, Local (a ‘non-sweet 5 
selection from juar grown in the locality) 
and S. 21 (a sweet type), were studied 
under similar experimental conditions, 
already explained under Kharif Crops, 
during 1937 and 1938. 

Seeds of both the juar types were sown 
in the second week of July. In 1937, they 
were harvested 15 weeks after sowing ie., 
in the last week of October, while in 1938, 
they were ready lor harvest two weeks 
later than in tlie previous year, 


The growth stages of the two types were 
similar: stem-elongation started about 
three weeks after sowing, but the irrowth 
was slow. Only one or two tillers per 
plant were formed which did not grow 
well. The first ears of the two juars 
appeared 9 weeks after sowing, i e., about 
the middle of September. Maturity was 
imperfect, 

Rate of transpiration; In 1937. the 
rate of transpiration by Juar Local in¬ 
creased rapidly from the 3rd week after 
sowing to the 6th week, the values bein<»- 
160 gms. ( 3rd week; and 2906 gms. (6th 
week). It remained fairly steady except 
lor fluctuations caused by variations in 
the weather conditions, till the 13th week, 
when the rate was 2735 gms. The rate 
immediately went down. 

There was practically no difference bet¬ 
ween the two types regarding their rate 
of transpiration. 
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The increase in the rate of transpira¬ 
tion by the juar types in the early stages 
of growth was not so rapid in 1938, a dry 
year, as in 1937. The rate reached a 
fairly high level (Local : 2882 gms. ; 

8- 21 : 2796 gms.J, in the 8th week in 
1938, two weeks later than in 1937; it 
continued to increase, though slowly, till 
the 13th week, when the rates for the 
Local and S.21 were 5822 gms and 
6354 gms. respectively. This further 
increase was evidently due to the weather 
conditions favouring high evaporation. 
From the 13th week, the rate went down 

for both the types. 

In 1938, which was definitely more dry 
than 1937, the rate of transpiration by 
Juar Local was slightly higher than by 
S. 21 till the 8th week; later on, the 
relationship was reversed. 


Total water transpired : There was no 
difference between the two types in the 
total amount of water transpired m the 
two years, the values for Local and 8. 21 
bein" 28.7 and 28.6 K. gms. in the first 
year^and 44.4 and 44.2 K. gms. in 1938. 


Dry matter production : Li 1937, the 
two types did not differ much with regard 
to dry matter formed in the shoot or 
plant, the values for shoot being 67.5gms. 
and 64.0 gm. and for plant 90.0 gms. and 
88.8 gms. for Local and 8. 21 respectively. 
But juar 8.21 produced 16.5 gms. of leaf 
dry-matter and only 12.9 gms. of grain 
while the values for Local were 14.7 gms. 
and 20.2 gms. respectively for leaves and 
grain. The low yield of grain by juar S.21 
was partly due to an attack of stem-borer 
which did not affect the non-sweet Local. 


In 1938, there was no difference bet¬ 
ween the two types regarding dry-matter 
production, but the Local yielded 16.3 
gms. of grain, and 8.21 only 13.2 gms. 
There was no attack of stem-borer during 
this year. 

Though the year 1938 was more dry 
than 1937, the total dry matter formed 
in the juar plants was greater in the for¬ 


mer year than in 1937; the yield of grain 
by juar Local was lower in the dry year 
fl938J. 


Water requirements: In 1937, water 
requirement on leaf basis was higher for 
Local than for S.21, while the relation¬ 
ship was reversed for the value on grain 
basis, apparently due to the stem-borer 
attack on 8.21. Water repuirements on 
‘shoot 5 and ‘plant’ were almost the same 
for the two types, the values on shoot 
being 427 and 450 for Local and S.21 and 
those on plant being 320 and 324. 

In 1938, there was practically no diffe¬ 
rence between the value for the two 
types. On grain basis, the values were 
highly varying due to improper maturity 
of individual plants and so they are not 
comparable. The values for the two types 
of juar were higher in 1938 than in 1937. 

1939 

Jaur Local was replaced by a late- 
earing non-sweet selection from the loca¬ 
lity, Duggi. Bigger pots with two plants 
in each pot were employed. The seed 
was sown at the end of June and the 
plants were harvested 16 weeks later i.e., 
by the middle of October. Growth of the 
main stem of juar Duggi was slower than 
that of 8.2'. The first year of Duggi 
appeared in the 14th- week after sowing 
(end of September), about 3 weeks later 
than that of S.21. 

Rale of transpiration : The rate was 
increasing rapidly in both the types from 
the third week till the 7th week, the rate 
of increase being 2 to 4 times in certain 
weeks. Transpiration during the third 
week was only 64 gms for Duggi and 96 
gms. for 8.21, while in the 7th week the 
values were 5320 and 6825 gms. respec¬ 
tively. During this period, the rate of 
evaporation was also going up (72c.c. in 
the 3rd week and 108c e. in the 7th week). 
Transpiration varied between about 5000 
gms. and 7000 gms. from the 7th week 
till the J 4th week. These fluctuations 
were mostly due to the weather conditions. 
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The rate rapidly went down in both the 
types from the 14th week. 

The rate of transpiration by S.2 1 was 
higher throughout than that by Duggi. 

Total water transpired: Juar S.21 

transpired altogether 63.8 K.gms. (per 
pot containing two plants) compared to 
65.6 K.gms. by Duggi. 

Dry matter production : More dry mat¬ 
ter was formed in the shoot and in the 
whole plant of S.21 than in those of 
Duggi, and the yield of grain was also 
more. Maturity of the Duggi plants was 
not uniform and the ears failed to yield 
any grain. But the leaf-dry matter in 
Duggi was higher than in S.21. the actual 
values being 48.9 gms. and 38.7 gms. in 
the two types. 

Water requirements : There was no 
difference between Duggi and S.21 in 
tbeir water requirements, either on whole 
shoot (412+13 and 454+26) or on whole 
plant (320 + 7 and 337 + 15). On leaf-basis, 
the value for S.21 (1669 + 102) was higher 
than that for Duggi (1143+56). The indi¬ 
vidual values on grain basis are highly 
varying and so are not comparable. 

Summary of the results (1937 to 1939) 

1. Comparison of Bajra Local and 
Bajra A. 1/3.(1937-1938) 

Growth : Plants of bajra Local started 
growth earlier than those of A. 1/3. Elong¬ 
ation of the main stem was quicker in 
Local and earing was earlier (by 2 to 3 
weeks) than in A. 1/3; the Local matured 
about 2 weeks earlier. The plants of 
Local formed secondary tillers about 10 
weeks after sowing but they remained 
green. Secondary tillers were not formed 
in A. 1/3. 

Rate of Transpiration : The general 
trend of the rate of transpiration by both 
the types was similar. The curves lay 
close to each other till 8 weeks after 
sowing when they gradually separated, 


the divergence increasing with the matu¬ 
rity of the plants. The rate by Local was 
always lower than that by A. 1/3, the 
difference being greater during the matu¬ 
rity period. 

Transpiration by the two types did not 
apparently respond to the evaporating 
power of the air, both during the early 
stages of growth (till about the 6th week) 
due to increase in the leaf-area, and in 
the final maturity period (from the 12th 
w r eek after sowing, to harvest) due to dry¬ 
ing of leaves. During the interva 1 (from 
about the 6th week to the 12th), when 
growth was almost over, the rate of 
transpiration followed usually the changes 
in the rate of evaporation, provided the 
latter was below about 80c.c. per week, as 
in 1937. Above this level, as in 1938, 
transpiration did not follow' the evapo¬ 
ration. The two types seem to differ in 
their reaction to the evaporating power 
of the air. In 1937, bajra Local showed 
less response than A. 1/3, to large increa¬ 
ses in the rate of evaporation. 

During 1938, which was comparatively 
more dry, the rate of transpiration by 
both the types reached a higher level 
than in 1937 (the maximum mean rates 
being about 4.0 K.gms. and 3.0 K.gms. in 
the two years respectively). 

Total transpiration : Bajra Local lost 
altogether less water than A. 1/3 in both 
the years. The difference (5 K.mgs per 
pot) was greater in 1937 than in the 
drought year, 1938, (3 K. gms.). 

Dry matter and yield : In a normal 
year as in 1937, bajra A. 1/3 gave a higher 
yield of grain than the Local but in a 
drought year, 1938, the maturity of A 1/3 
was adversely affected. The leaf-dry- 
matter and dry matter in shoot and whole 
plant were higher for A. 1/3 than for 
Local. 

Water requirements: Bajra Local trans¬ 
pired more water per unit dry matter 
than A.1/3. In the mild year (1937), it 
was as economical as A. 1/3 regarding 
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water lost and grain formed, but defi¬ 
nitely more so, than A.]/3 in a drought 
year (1938), because the maturity of the 
latter type was imperfect. 

Bajra Farm and Bajra A.1/3. (1939) 

Both these types had about the same 
growth period, time of earing and matu¬ 
rity. They did not differ much in any of 
the characters studied, rate of transpi¬ 
ration, dry matter production, or water 
requirement; but A. 1/3 } T ielded more 
grain than Farm and transpired less water 
per unit grain yield than Farm. 

Comparison between Juar Local and 

Juar S.21. (1937 and 1938). 

The two types of juar did not differ 
regarding their growth stages. In both 
the years, 1937 and ’38, the two types 
formed their first ears at the same time, 
in the lOtli week after sowing in J937, 
and in the J 1th week in 1938, and were 
ready for harvest five or six weeks later. 
In 1937, the sweet type, S.21, was 
attacked by stem-borer which apparently 
resulted in a low yield of grain. 

Transpiration: In 1937, the weekly 
rate of transpiration was almost the same 
for both the types. In the following 
drought year, it was slightly higher for 
the Local than for S.21 till the plants 
were about 8 weeks old, and later on, 
it was lower than for S.21. In 1937, the 
rate of transpiration by the Juar types 
responded to changes in the evaporation 
during the period, G weeks to 12 weeks 
after sowing, when there was little vari¬ 
ation in the total leaf-area. In 1938, 
when evaporation in general was at a 
higher level than in 1937, the response 
of transpiration to changes in the evapo¬ 
ration was negligible. 

There was practically on difference bet¬ 
ween the two types, in either of the 3 r ears, 
regarding the total water transpired, the 
values being about 28 K. gms. and 44 K. 
gms. in the two years. In 1938, both 
the types lost altogether about 57% more 
Water than in 1937, 


Other observations: The two types did 
not differ from each other regarding dry 
matter production in the two years. Grain 
yield was higher in Local than in S. 21 in 
the two years, partly because of the stem- 
borer attack on S. 21 in the first year; in 
the second year it was due to the adverse 
effect of the dry weather on S. 21. In 
general, the dry matter produced by the 
two types was slightly higher in the second 
year than in the first. 

The water requirements of the two 
types did not differ from each other in the 
two years. The values were higher in the 
second year than in 1937. - 

Jua Duggi and Juar S. 21. (1939) 

Juar Duggi produced its first ear in the 
14th week after sowing ie., about 3 weeks 
later than S. 21. Plants of both the types 
were harvested 16 weeks after sowing. 

The rate of transpiration by S. 21 was 
slightly higher, almost throughout, than 
that by Duggi. During the constant leaf- 
area period (8th week to 13th week after 
sowing), transpiration by both the types 
followed the fluctuations in evaporation; 
it may be noted that the rate of evapora¬ 
tion was in general low during this period. 

Juar 8. 21 transpired altogether about 
8 K. gms. more than Duggi. 

Dry matter production was higher in 8. 

21 than in Duggi except for ‘leaves’. It 
is not understood why plants of Duggi 
maintained a lower rate of transpiration 
than 8. 21 though the final leaf-dry-matter 
in the former was greater. Apparently 
the leaves were drying up, on and off, to 
a greater extent in Duggi than in 8. 21. 

Duggi vielded less grain than 8. 21, 
evidently because its earing and maturity 
periods occurred during the dry weather. 

Both the types were equally economical 
regarding water loss and dry matter pro¬ 
duction, though Duggi transpired less 
amount of water per unit leaf-dry-matter 

than S. 21, 
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Comparison between Bajra and Jaur 

Growth and Transpiration : Even the 
early types of juar (S. 21 and Local) were 
later in earing and maturity than the late 
types of bajra (A. 1/3 and Farm) by about, 
a week. Bajra, being quicker in growth 
than juar, usually transpired at about the 
same rate as juar or even at a higher rate 
as in 1039, till about the earing time. 

I » J 

^ater on, the transpiration rate was 
higher for juar. During the maturity 
period (end of September and first fort¬ 


night of October), the weather was gene¬ 
rally more dry than in the earlier stages 
of growth. In a continuously dry year 
like 1938, juar maintained, almost 
throughout, a higher rate of transpiration 
than bajra. 

The total w ater lost by juar was greater 
than by even the late types of bajra : in a 
dry year, the difference was much greater. 
The figures for bajra A. 1/3 and juar S. 21 
for the three years are : 


TABLE NO. 3 5. 

Total water transpired by Bajra A. 1/3 and Juar S. 21 

(in K. gme. per pot) 


Observations. 

1937. 

1938. 

1939. 

Bajra A. 1/3. 

K. gms. 
26.4 

K. gme. 

31.1 

K. gms. 
58.0 

Juar S. 21 

28.6 

44.2 

63.8 


0/ 

/0 

O' 

/o 

0/ 

/O 

Difference as % on 




transpn. by Bajra : 

8.3 

42.1 

10.0 

Total evaporation : 

c.c. 

• 

c.c. 

c.c. 

974 

1311 

1252 



In the dry year, 1938, juar S. 21 lost 

about 42% more water than Bajra A. 1 3. 

In the other two years, when the weather 

was relatively less dry, the difference was 

less than 10%. It should be remembered, 

however, that the total transpiration is 

decided more by the stage of growth w’hich 

experiences the dry weather; also on 

factors, climatic or otherwise, controlling 

growth itself. This would explain the high 

figure for total transpiration by bajra A. 

1/3 in 1939, compared to the other two 
years. 


Dry matter and /field : In 1937 and 

1938, the total dry matter produced in 

the whole plant as also the yield of grain 

were higher for juar than even for the late 

type of bajra, A. 1/3; in the third year, 

the difference was very little regarding the 

dry weight of the wdiole plant but the 

yield of grain by juar was definitely lower 
than by bajra. 

Grain-to-shoot ratio: The results are 
summarised: 
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TABLE NO. 3.6. 


Grain-to-shoot ratios of bajra and juar types. 




Bajra. 



Juar. 


Year. 

Local 

A. 1/3 

Farm 

* 

Mean 

Local S.21 

Duggi Mean 

1937. 

2.8 

3.2 


3.0 

2.3 4.0 

— 3.2 

1938. 

2.9 

8.9 


5.9 

4.1 5.2 

4.7 

1939. ' 


2.8 

3:8 

• 

3.3 

— 104 

15.6 13.0 

Mean 

2.9 

5.0 

3.8 

4.1 

3.2 6.5 

15.6 7.0 


The ratios (means for the t} r pes) were 
the same for bajra and juar during the 
first year when the weather was the 
mildest. In the second year, drought 
one, the value for bajra was slightly higher 
than for juar. This was due to the poor 
maturity of bajra A. .1/3. In 1939, which 
was dry at the end of the cropping season, 
coinciding with the maturity of juar 


plants, the ratio was much higher for juar 
than for bajra, the actual values being 13.0 
and 3.3 respectively for the two crops. 
The mean ratio for juar for the three 
years (7. 0) was decidedly higher than that 
for bajra (4- 1). 

Water requirements: The results are 
summarised : 


TABLE No. 3.7. 

Water requirements of Bajra and Juar types. 


Year. 


Bajra 



Juar 



Local A. 1/3 

Farm 

Mean 

Local 

S. 21 

Duggi 

Mean 

W. B. 

on Plant : 

• 






1937 

540 362 


451 

320 

324 

— 

322 

1938 

550 488 

— 

519 

399 

399 


399 

1939 

323 

337 

330 

— 

320 

337 

329 

Mean : 

545 391 

* 

337 

433 

360 

348 

337 

350 

W. B. 

on Grain : 







1937 

2475 2150 

— 

2312 

1589 

2343 

— 

1916 

1938 

2977 6867 

— 

4922 

2989 

2731 


2860 

1939 

1652 

1999 

1826 

-- 

2680 

? 

• 

2680 

Mean : 

2726 3556 

1999 

3020 

2289 

3877 

• 

2485 
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The mean values for water requirement 
on plant basis were higher for bajra than 
for juar in the first two years while in the 
third year there was no difference. Water 
requirement of the late type of bajra, A. 
1/3, was only slightly higher than that of 

the juar types, but the value for bajra 

Local was quite high in both the years, 

thus raising the mean value for bajra. In 

the third year, the two bajra types (A. 

1/3 and Farm) were late-earing types and 


i • 

their water requirements were almost the 
same as those lor juar. 

On grain basis too, the water require¬ 
ments of bajra were higher than for juar 
in ! 937 and 1938, more so in the latter 
year. In 1939, the value was lower for 
bajra than for juar, as, during this year, 
the maturity of juar plants was adversely 

) 11 ic occurrence of dry w eather. 
The mean water requirement for the three 

year period was higher for bajra than for 
juar. 


B. Rabi Crops: Wheat and Gram types. 

(Statement III. B.; Fig. HI.) 


Experimental details : 


Details. 



1936-’37 


Crops & types : 

Date of sowing : 
Pot size (inches) 


Wheat ; 
Gram: 


Soil in each pot (K. gms.) 
Plants per pot : 

Replications: 


Nil 

4/11 

12X18 

35. 

Two 


37-38 


-8 A and 
-T. 7. ■ 


38-39 


39-40 


& I. P. 58 


3/11 

W: 12X18 
G: 12X12 

35: 23 

One 


10 11 


18 10 


12X18 


/-35. 

One 


Two 

5 


W: Wheat pots 

Weather during the period 

As indicated by the Piche’s evapori- 
meter values, weather conditions differed 

193fi *V 7 our growing seasons. During 

70 r ^ r a P° rati ^n was below 

m many of the weeks during this period 
V ev f fe elow 40c. c. The weather 
ancrerTb f e '' ame dr >' wli en evaporation 

between 80c c. and ! 0 5c c. per 

mild season 8 ^ 611 ' ’ * ^ COnsidered a j 


; Gram pots. 

to even 160 c. c. This dry period coinci¬ 
ded with the maturity of wheat, parti¬ 
cularly of the late type, 8 A. 


weather 2 3 P re [ ious year, 

remaining at 

it became more dry than in 1036 37 • 
the rate of evaporation varied from 100 c c. 


lJ3b — .39 : Weekly rate of evaporation 
"as comparatively higher during the 
^egetatn’e phase of the plants (till about 
he 15th week after sowing) than in the 
previous two years, the values fluctua¬ 
ting between 40c. c. and 80c. c. But the 

diy weather (above 100c. c) set in much 
later (from 22nd week) than in either of 
tne two previous years. 


39-39- 40 : Though evaporation re¬ 
mained fairly high (between 60c c. and 
80c e.) in the early part of the plant 
b rowt h (up to 12 weeks after sowing) the 
weather became quite mild during’ the 
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later period (1 3th to 2 T sfc ■tfeek); evapora¬ 
tion remained nearer 60 c. c. per week. 
The high rate of evaporation (above 100 
c.c.) occurred from the 22nd week onward 
when the plants were almost mature. It 
should be noted, however, that the sowing 
time (18th October) was two to three 


weeks earlier during this season than in 
the previous years. 

The observations on the weather dining 
the four growing seasons are summarised 
with respect to the main phases of crop- 
growth : 


TABLE NO. 3.8. 


Range of weekly evaporation in c.c. during the four growing seasons. 



Kabi of 


Main growth phases of wheat &_Grain. 


Vegetative. 
(0-14 weeks) 


Blooming. 
(15-18 weeks) 


Maturity. 
(19-23 wks.) 


C. C. 


C. C. 


C. C. 


1936- 

-’37 : 

24- 67 

26— 89 

19— 23 

1937 

’38 : 

29—78 

68—104 

110 162 

1938 - 

-39: 

44-84 

30—81 

73 — 172 

1939 

’40 : 

29-80 

17-67 

57—116 


The growth stages are only approximate 
as both wheat and gram are taken into 
consideration. In general, during the vege¬ 
tative phase, the weather was mild in all 
the four years except in 1938-39, when it 
was slightly more dry. The earing or 
flowering phase experienced mild weather 
in 1936-‘37 and ‘38- 39 ; evaporation was 
still lower in '39— 40 while in 37— 38, it 
was the highest among all the four years. 
Weather was quite dry during the matu¬ 
rity period in l937-*38 and to a less extent 

in ’38-’39. 

Wheat, 8A and 9D. 

J936-’37 to /939-’40. 

The experiment was conduoted during 


the rabi season of the four years, 1936-’40. 
Both wheat 8A and wheat 91) were 
studied in the four years. 

Wheat 8A is a slow-growing, better til¬ 
lering and late-earing type compared to 9.D. 
In the locality under consideration, the 
maturity period of wheat 8 A coincides with 
the early summer conditions in March and 
April, and thus its grain is not well-filled. 

Wheat 9D, due to its quicker growth, and 
early-earing (about 2 weeks) habit escapes 
partly the adverse weather conditions. 

The different growth stages of wheat 
8A and 9D are summarised : 


. K^rKmit Uoruyi 

Accession No 


nrn»» i Jni ra*f , 

. $o.3. i t 
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TABLE NO. 3.9. 

Growth stages of Wheat 8 A & 9 D. 




Stage of growth. 


Weeks after sowing. 


Wheat 8 A. Wheat 9 D. 




Seedling: 

Tillering: 

Stem-elongation: 

Earing: 

Maturity: (Grain-filling) 
Senescent; 


The above stages are more or less arbit¬ 
rarily arranged. There is always an over¬ 
lapping of the successive stages due to the 
tillering nature of the plants. The stages 
represent more correctly the life-history of 
the main shoot. 

Uaie of transpiration : (Mean rate of 
four years): 

The conditions ot the experiment in the 
lour years were not the same ; but they 

were the same for the two wheat types in 

each year. 

*/ 

During the tillering stage, the weekly 
rate of transpiration by the two types was 
low (less than 276 gms. and 218 gms. for 
8A and 913 respectively). The weekly 
evaporation varied between 5Cc.e. and 
65c.c. 

With the beginning of stem-elongation, 
transpiration became more rapid in both 
the types, though evaporation remained 
steady (about 60c.c.). In the initial phase 
of this stage, the increase in rate of trans¬ 
piration by both the types was more than 

50% of the previous week ; the increase 
was greater in 9D. 

Hate of transpiration by 913 was uni- 
iormly at a higher level than by 8A, till 
the latter reached the earing stage (17th 


1 - 2 
3- 7 
8-16 
17-20 
21-23 
24-25 

week after sowing), 
however, not more 
week. 


1 - 2 
3- 6 
7-14 
15-18 
-19-21 
22-24 

.m — - - 

The difference was, 
than 400 gms. per 


I he maximum rates of transpiration by 
both the types, 8A and 913, were reached 
in the 19th week, the values being 
5845 gms. and 5574 gms, respectively, 
this peiiod noticed the beginning ol a rise 

in evaporation. C 


The fall in transpiration during the final 
weeks was more gradual in 913 than in 8A 
because ol the late-earing and late matu¬ 
rity of 8A. 


The above details for the rate of trans¬ 
piration (mean) are noticed in the data of 
each of the four years. In 1938-39. how¬ 
ever, the higher rate of transpiration by 
9J) (compared to 8A), during the stem- 
elongation stage (7th to 17th week) was 
not clear. This might be attributed to 
unfavourable weather conditions as indi¬ 
cated by higher values for weeklv evapo¬ 
ration, ranging between -Hi e.c. and 83c.c. 
in 1938-’39 during this period. 

Total water transpired: Wheat 8A trans¬ 
pired altogether more water than 9D in 
1937—’38 and 1938- 39. the differences 
being 2-56 K. gms. and r>-,33 K. g lns . pei - 
pot respectively. In the remaining two 
years, the differences were slight but they 
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Were in favour of wheat Ob. In both 
these years, it may be noted that evapo¬ 
ration during the period, 14th to 17th 
week, was low (below 60 c.c. per week) ; it 
was also low during the final weeks of the 
maturity period of wheat 8A. 

Dry matter prod action : Dry matter 


formed in the shoot and in the whole plant 
was greater for wheat 9D than for 8A in 
the first and the fourth year. Dry matter 

formed in the leaves was consistently 
greater in wheat 8A than in wheat 9D; 
the grain yield showed a reverse relation¬ 
ship, as seen from the following figures: 


TABLE NO. 3.10. 

Dry Weight of leaves and yield of grain in Wheat 8 A and 9 D« 

(in gms. per pot.) 


Observation. 


Leaves: 


Grain: 


Wheat: 

8 A: 

9 D: 

8 A: 

9 D: 


1936—37 


gms. 

13.8 


11.9 

34.4 

40.0 


37—38 

gms. 

8.4 

6.7 

25.9 

28.6 


38—39 

gms. 

14.0 

9.6 

43.0 

46.2 


Water requirements : The values calculated on ‘leaf-dry-matter 
are tabulated below : 

TABLE NO. 3.11. 


39—40 


gms 

20.0 

17.6 

48.0 

53.0 


Mean 

gms. 

14.1 

11.5 

37.8 

42.0 


and on ‘grain’ 


Water requirements on ‘leaves’ and on ‘grain’. 

Wheat 8 A and 9 D. 


W. R. on 
‘ leaves ’ : 


grain 


Wheat : 

1936-37 

37-38 

38-39 

39-40 

Mean 

8 A 

3817 

4346 

3954 

2430 

3637 

9 D 

4408 

5115 

5494 

2853 

4468 

8 A 

1514 

1499 

1416 

1013 

1361 

9 D 

1289 

1285 

1149 

940 

i 166 


On leaf-basis, the water requirement 
was consistently lower for 8A than lor 9D 
the mean values being 3637 and 4468 res¬ 
pectively. Plants of 9 D, though they 
formed less amount of foliage, as indica¬ 
ted by total leaf-dry-matter, transpired 
relatively more water than those of 8 A. 

On grain-basis, however, the relation¬ 
ship was reversed, 9D giving lower figures 
than 8A ; the mean values are 1166 and 
1361 respectively. Variation among the 
replicates was high as indicated by the 
large standard errors (refer Statement 


IT. B. for original data), and the diffe¬ 
rences between 8A and 9D are not statis¬ 
tically significant. 

The differences between the waiter 
requirements of 8A and 9D on ‘ shoot’ or 
‘plant’ basis were negligible, though they 
were mostly in favour of 8A ; the mean 
values for the four years are : 

On ‘ shoot 5 basis : wiieat 8 A = 526 ; 

wheat 9 D = 513 ; 

On ‘ plant ’ basis : wheat 8 A = 482 ; 

wheat 9 D = 477, 
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mary of the results on Wheat 

8 A & 9 D 


1936-37 to 1939-40 


the three years are included in the summa' 
rised form given in the beginning of the 
present section, under Rabi crops. 


1. Plants of wheat 9 D are quicker¬ 
growing and earing than those of wheat 
3 A. 

2. During the stem-elongation stage, 
the rate of increase in weekly transpira¬ 
tion was much higher in 9 D than in 8 A 

3. Till the emergence of the first ear* 
plants of wheat 9 D transpired at a slightly 
higher rate than those of wheat 8 A. Soon 
after, the curve for 8 A rose above that of 
9 D and maintained the higher rate till 
the end. 

4. The maximum rate of transpiration 
by both the types was reached about 
18 weeks after sowing, when the plants 
were in ears and the early summer condi¬ 
tions set in. It generally occurred in the 
second fortnight of March. 

5. Total water transpired was greater 
for 8 A than for 9 D, the mean values 
being 48.6 and 46.8 K.gms. per pot res¬ 
pectively. 

6. Wheat 8 A formed more foliage 
(total leaf-dry-matter) than 9 D; the 
mean values were 14.1 gins, and 11.5 gins, 
respectively per pot. But the yield of 
grain was higher in 9 D (42.0 gms.) than 
in 8 A (37.8 gms.) 


7. Water requirement on ‘leaf* has 
was higher for 9 D (4468) than for 8 
(3637) ; on ‘grain* basis, 9 D gave a mea 
value of 1166, i.e., 17% lower than 8 A. 


Water requirements of 8 A and 9 D> 
calculated on ‘shoot ’ and ‘ plant 5 basis 
showed practically no difference between 
the types; the mean values on ‘shoot’ 
were 526 and 513; on ‘plant’, they were 
482 and 477 for 8 A and 9 D respecti¬ 
Gram T. 7. and I. P. 58 
1937-38 to 1939-40 

Details regarding the experiment con¬ 
ducted on the two types of gram during 


The two types, T. 7 and I.P 58, are 
similar to each other in growth character 
ristics : but the former is slightly later in 
flowering than T. P. 58. The different 
growth stages of gram plants cannot be 
easily marked out. From the time the 
first flower opens, both the vegetative 
and reproductive phases go together till 
almost the end. With the onset of summer 
conditions, drying of leaves and of young 
branches, and maturity of older pods 
overtake fresh growth and the plants are 
soon ready for harvesting. 

J lean Hate oj transpiration: The curves 
for the mean rate of transpiration by the 
two types run close to each other throu¬ 
ghout. The rate for the two types was 

low (below 300 gms. per week) till about 

the 7th week after sowing, when it went 
up rapidly. I.P. 58 transpired at a higher 
rate than T.7 till the plants were about 
17 weeks old, but the difference was slight. 
In the final stages, the difference was in 
favour of T.7, as I.P. 58 matured earlier. 
The maximum rates of transpiration by 
the two types T.7 and I.P. 58, (4724 gms. 
and 4889 gms. per week) were noted in 
the 19th week after sowing i. e., about 
the middle of March. In another 2 to 3 
weeks the plants were harvested. 

The curves for rate of transpiration by 
the two types in the individual years 
showed the same trend as that of the mean 
rate. In 1939-40, however, the differen¬ 
ces in the weekly rate of transpiration 
during the I 7 weeks after sowing were not 

. in favour of I.P. 58. 

Total water transpired : I. P. 58 trans¬ 
pired altogether more water than T 7 
during 1937-38; the difference amounted 
to 2.63 K.gms; in the other two years, 
the differences were negligible as shown’ 

below: 
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TABLE NO. 3.12. 

Total water transpired in C. gms. per pot. 


Crop & type. 


1937—38 

38—39 

39—40 

Mean. 


Gram T. 7 
„ 1. P. 58. 


18.98 

21.61 

43.78 

44.03 

46.90 

46.23 

36.55 „ 

37.29 



The large variation in the amount of water 
transpired in the first and the following 
years is due to the variation in the ex¬ 
perimental conditions. 


Dry matter production : The values for 
the ‘ leaves * and for the whole plant are 
tabulated along with the yield of grai n 


TABLE NO. 3.13. 

Dry matter production and yield of grain. 

Gram T. 7 and I. P* 58. 


(in gms. per pot) 



Observation. 


1937-38 


Gram 

: gms. 

Dry weight of: 



Leaves: 

T. 7 

6.4 


I. P. 58 

6.5 

Plant: 

T. 7 

38.8 

- 

I. P. 58 

88.6 

Grain : 

T. 7 

18.4 


I. P. 58 

18.7 


38-39 

39-40 

Mean. 

• 

gms. 

gms. 

gms. 

& 

20.2 

O 

29.7 

O 

18.8 

19.8 

29.3 

18.5 

71.0 

110.4 

73.4 

74.6 

108.4 

73.9 

17.3 

31.0 

22.2 

27.3 

81.8 

25.9 



The values were practically the same 
for the two types of gram in the three 
years; but in 1938—39, gram I.P. 58 
yielded 10 gms. more grain than T.7. 


Water requirements: The results on 
‘grain’ and ‘whole plant' are summarised 
below : 



TABLE 

NO. 3.14. 

• 




Water requirements on 

4 plant * and 

on 4 grain \ 




Gram T. 7 

and I. P. 58. 




W. R. on 

Gram 

1937—88 

38— Si) 

39—40 

Mean 

* plant ’: 

T. 7: 

491 

612 

425 

509 


I. P. 58: 

559 

593 

427 

526 

‘ grain ’; 

T. 7: 

1022 

2627 

1558 

1736 

I. P. 58 : 

1151 

1713 

1462 

1442 
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Except in 1937-38, the varietal diffe¬ 
rences for water reqirement on plant basis 
were negligible. On grain basis, the values 
for I.P. 58 were lower than for T.7 in 
the last two years, but the differences are 
not statistically significant due to high 
standard errors, given in statement III.B. 

Summary of results on Gram types 

Gram I.P. 58 was slightly earlier in 
flowering and maturity than T.7 ; the rate 
of transpiration and water requirements 

did not show much difference between 
the types. 

Comparison of Wheat and Gram types 

Even the late type of Gram, T.7, showed 
a lower rate of transipiration and lower 
value for total transpiration than Wheat 
9 D (the early type). Mean water requi- 
lements on grain and on plant were 
higher for gram T.7 (1736 and 509) than 
for wheat 9 D (1166 and 477), the per¬ 
centage difference over 9 D being 49 % 
(on ‘grain’) and 7% (on ‘-plant’). ° 

Discussion 


March of transpiration : Though the 
plants of bajra Local grew quicker than 
A. 1/3, the rate of transpiration by the 
former remained throughout at a lower 
level. The curves for transpiration by the 
two types show the same contour. During 
the maximum foliage period, transpiration 
by the late type, A. 1/3, was much greater 
than by the Local. The difference in 
weekly transpiration between the two 
types, ‘Farm’ and A. 13 were negligible. 

As the three types of juar closely 
resembled one another regarding their 
growth stages (particularly juar Local and 
juar S. 21), their curves for transpiration 
varied little from one another. 

The juar types maintained generally a 
higher rate of transpiration throughout 
than the bajra types. However, the late 
types of bajra (‘Farm ’ and A. 13) occa¬ 
sionally transpired at a slightly higher 
rate than even the early types of juar 
(k- -1 and Local) till about the earing 

stage, because bajra grows quicker than 
juar. 


March of transpiration and wat 
requirements of three promising types ■ 
bajra and of juar, and two of wheat ai 
of gram were studied during the year 
1937-1940. They were grown und< 
optimum 5 (13%) soil-moisture-contei 

from the time of sowing till harvest. 

Bajra Local, an early-earing selectic 
irom the locality, was compared wit 
bajra A.l/3, a late type, in two year 
while, in the third year, the Local wi 
replaced by another local selection, ‘Farir 
which closely resembled A.l/3 regardir 
time of earing and maturity. 

: n Tqf, 7 thre ? * ypes of juar (Local and S.2 

n lJ3, and 1938, and Duggi and S .21 i 

1939) showed practically no difference i 

8 l ir ,la?e W e ^ , T ' V ° ^ of " kea 

ram T 7 Tl ° D > and two c 

during til % 1 P ’ 58 ’ were studie 

during the rabi season of four v 

1937- 38 to 1940-M! Ur y 


the difference between the early and 
late types is more clear in wheat. Wheat 
9D, an early variety, maintained generally 
a higher rate of transpiration than 8 A 
till about the time of earing. Later on, 
the relationship was reversed. 

Transpiration by gram T. 7 and I. P. 58 

followed the same course though the latter 

is slightly earlier in flowering and maturitv 
than T. 7. J 


A difference in the varietal response to 
fluctuating weather conditions is clearly 
seen for bajra. With an increase in the 
weekly evaporation amounting to 117%, 
t ie increase in the weekly transpiration 
iy bajra Local was only 37% compared to 
f °° hy bajra A. 1/3, suggesting that the 
ormer could exercise a greater control 
nan A. 1/3 over transpiration under 
adverse weather conditions. 

Briggs and Shantz (1916), Shantz and 
•Piemeisel (1927), Tulaikov (1922) and 


9 
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Kanitkar (1944) included different varie¬ 
ties of crops in then studies, but concen¬ 
trated their attention on the water 
requirements. 


Total water transpired :—Bajra Local, 
the early type, transpired altogether 
about 14% less water than the late type, 
A, 1/3. When the growth periods of the 
varieties are alike, the difference in their 
total transpiration was negligible, as seen 
for bajra ‘ Farm 5 and A. 1/3, and for the 
juar types, S. 21 and Local. 


Total transpiration by bajra A. 1/3, the 
late type, which has almost the same 
growth period as juar S. 21, amounted to 
92%, 70% and 91% of that by juar S. 21 

in the three years, 1937, ’38, and ? 39 

respectively. The dry weather of 1938 

was less suited to the growth of bajra 

A. 1/3 than of juar S. 21. 


Total transpiration by wheat 9 I) 
amounted to 97% (mean of 4 years) of 
that by wheat 8 A; the former is a 
slightly earlier type than 8 A. In a 
relatively dry year (1938-39), the diffe¬ 
rence amounted to nearly 10%. The two 
gram types, T. 7 and I. P. 58, transpired 
almost the same amounts of water. 


According to Briggs and Shantz (1913), 
total transpiration by the wheat variety, 
Galgalos, (Triticum aestivum) amounted 
to 83% of that by Marvel Bluestem 
(T. aestivum); the former was harvested 
about a week earlier than the Marvel 
Bluestem which was described as a 
c variety grown extensively in humid 
regions \ 

Dry matter production and yield of 
grain :—The varietal differences for the 
four crops are small, except between bajra 
Local and bajra A. 1/3 which will be 
discussed fulty. 

The results on these two types of bajra 
relate to the year 1937, with a moderate 
climate, and to 1938, a dry year. Bajra 
Local produces small bushy plants with 
narrow leaves and a large number of 
primary and secondary tillers while the 
plants of A. 1/3 are tall with broad leaves 
and with practically no tillers; A. 1/3 
matures about a fortnight later than 
Local. Bajra A. 1/3' grows better in the 
more humid north-western Punjab (un¬ 
divided India) than in the dry south¬ 
eastern tract, which is close to the 
Rajputana desert. 

The results on dry-matter formed in the 
plants and yield of grain are summarised : 


TABLE NO. 3.15. 


Dry-matter formed and yield of grain. 

Bajra Local on A* 1/3* 


(Percentage of Local on A. .1/3.) 



Observation. 

1937. 

1938. 


0/ 

% 


/O 

/o 

Dry weight of leaves : 

33 

48 

„ „ plant 

54 

79 

Yield of grain: 

67 

219 

Grain-to-shoot ratio: Local: 

2.8 

2.9 

A. 1/3 : 

3.2 

0.9 

Weather; 

mild 

dry 
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In 1937, growth of the Local plants was weather was throughout dry, more parti- 
adversely affected by the dry weather cularly from the 9th week after sowing, 
* (weekly evaporation greater than lOOc.c.), which affected adversely the growth and, 
experienced during the 5th and the 6th to a greater extent, the maturity of the 
weeks after sowing, at a time when the late type, A. 1/3 ; the grain-to-shoot ratio 
main stem was rapidly elongating prior to went ‘up to 9. Bajra Local fared better 
ear-emergence; the A. 1/3 plants were just than A. i/3 in the dry year, 1938, which 
beginning to grow at this time and so, will be more evident from the following 
they were less affected. In 1938, the figures; 

TABLE EG. 3.16. 

Dry matter formed and yield of grain. 

Bajra Local & A. 1/3. 

(Percentage of ‘ 1988 ’ on ‘ 1937 ? ). 

Bajra Local 






Dry-weight of leaves : 

,, plant: 

Yield of grain 


o / 
/o 

120 

128 

118 


o' 

/O 

83 

88 

86 



Bajra Local was adversely affected by 
the short early drought (during the rapid 
stem-elongation stage) of 1937, and A. 1/3, 
by the prolonged drought of 1938 during 
its earing and maturity stages. 

Growth was almost the same in the two 
types of wheat (8 A and 9 D) and the two 
of gram (T. 7 and I.P. 58). On an average 
for the 4 years, wheat 9 D vielded 1f% 
more grain than 8 A; yield of grain by 
giani I.P. 58 w r as 17% higher than that of 
T. 7; wheat 9 D and gram I P. 58 are the 
cariy types, and so, they escaped the early 
summer conditions occurring at the maturi¬ 
ty stage of the rabi crops, wheat and 


due to the imperfect maturity of A. 1/3, 

the actual values being 2977 and 6867 for 
Local and A. 1/3. 

The water requirements of A. 1/3 were 
adversely affected by the weather condi¬ 
tions , on plant basis, the water require¬ 
ment of A. 1/3 was greater in 1938 (dry 
year) by 49% than in J937(mild year),while 
for Local, the increase was onlv 2% under 
similar conditions. 

The differences between the two late 

tyP n S on! bajra ’ ‘ Farm ’ and A > ] /3 (studied 
m » 339) are negligible. 


gram. 

]Va l er requirements : Bajra Local tran¬ 
spired more water than A. 1/3 for produc¬ 
ing unit amount of dry matter in leaves 

i 01 ' whol ° P lan t, in both the years’ 
1J3< and 1938 ; the increase over A 1/3 

on an average, is 28% for the water require¬ 
ment on plant basis. On grain basisq the 
wa e r requirement of A. 1/3 was much 
higher than that of Local in 1938 • it was 


, jjuttu cfcliu -UU&fifl 

showed no varietal differences in their 
water requirements, the average values on 
plant basis being 353 for S. 21 (mean of 3 
years) 36 2 lor Local (mean of two years) 
and 3 l 0 for Duggi (of one year only)/ 

It is interesting to compare the water 

requirement of bajra A. 1/3 (the late type) 

on plant basis with that of juar S. 21 
during the 3 years : 
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TABLE NO. 3.17. 

Water requirements of Bajra A. 1/3 and Juar S. 2t. 

(On plant basis). 

(Percentage on respective means of 3 years.) 


Year. 

Bajra A. 1/3. 

Juar S. 21. 


Climate, 


o / 

/O 

% 



1937. 

93 

92 


Mild 

1938. 

125 

113 


Dry 

1939. 

83 

95 


-Mild 

Mean of 3 years. 

391 

353 




(actual values) 


Bajra A. 1/3 was more susceptible to 
fluctuations in weather than juar S. 21, 
the maximum range of variation during 
the 3 years being 42% for A. 1/3 and 21% 
for juar S. 21. 

The results obtained for three varieties 
of seed-juar at Sholapur, India, quoted by 
Kanitkar (1944), indicate small differences 
between their water requirements on shoot 
basis, the mean values for two years being: 
436 (M—47-3), 430 (B-D-34) and 381 
(Tambdi jogadi, an early variety). The 
maximum range of fluctuation in the water 
requirements of the first- two varieties 
over a three year period, expressed as 
percentage on the respective means, 
amounts to 14% for M—47—3 and to 19% 
for B-D-34, compared to 27% for juar 
S. 21 under conditions at Rohtak. It 
should be noted that these seed-juars are 
sown at Sholapur in October and harvest¬ 
ed in March while the fodder juar, S. 21, 
is sown at Rohtak at the end of July and 
harvested in October. The climatic fluctu¬ 
ations at Sholapur, during the rabi season 


(November to March) are not as high as 
at Rohtak, during the kharif season (June 
to October). 

According to Shantz and Piemeisel 
(1927), the water requirements on shoot 
basis of five types of juar, grown from 
May to August at Akron, Colorado, ranged 
from 274 to 312; the lowest value (274) 
was given by the fodder type (Minnesota 
Amber). Early or late character of these 
juars has not been pointed out by them. 

Thus the results obtained on juar varie¬ 
ties at Rohtak and other stations indicate 
that the varietal differences in water re¬ 
quirement on shoot or on plant basis are 
small. 

The results for water requirement on 
grain basis for juar are not discussed, as 
the varieties grown at Rohtak are fodder 
types and their maturity was imperfect. 

The water requirements of wheat 8 A 
and 9 D (mean of 4 years) are : 
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TABLE NO. 3.18. 

Water requirements of Wheat 8 A & 9 D. 

(Mean of 4 years). 


W. R. on 

Wheat 8 A, 

Wheat 9 D. 

% of 9 D on 8 A. 

Leaves 5 

3037 

4468 

O' 

/o 

123 

‘ Shoot’ 

526 

513 

98 

‘ Plant ’ 

482 

477 

99 

Grain 

1361 

1166 

86 


Wheat 8 A was more economical regard¬ 
ing water-loss in relation to leaf-dry- 
matter than wheat 9 D. This difference 
between 8 A and 9 D was observed in all 
the four years. It might be due to the 
formation in 8 A of a large number of 
leaves on small tillers at the base, which 
transpired less water than the leaves 
situated above; moreover, these small 
tillers dried up frequently, whenever the 
weather became dry. Immature small 
tillers were almost absent in wheat 9 I). 


The differences between wheat 8 A and 
9 D for the water requirement on plant 
basis or on shoot basis are negligible. The 
efficiency of the leaves for dry-matter- 
formation in the plant (as indicated by 
the ratio between the total dry-weight of 

the leaves and of the plant), and the leaf- 

efficiency for transpiration (i.e., water 

requirement on leaves) are tabulated 

below for wheat 8 A and wheat 9 D 

from the mean values of the four years; 


TABLE No. 3.19. 

‘ Leaf-efficiency ’ for dry-matter formation and Transpiration in Wheat 8 A & D 

(From means of 4 years). 



‘ Leaf-efficiency ’ 


Wheat 8 A 


Wheat 9D. 


°o of 9 D. on 8 A 


Dry-weight of Plant (gms.) - 

Leaves (gms.)- 

Total transpiration in K. gms. 
-r Dry wt. of leaves (gms.) 


of 


7.4 


8.9 


120 


3.6 



It would appear that the leaf-efficiency 
for dry-matter-formation or carbon assi¬ 
milation is higher for 9 D than for 8 A • 
but the amount of water transpired per 
unit leaf-dry-weight was also higher for 
' L) - Tt > perhaps, supports the view that 
transpiration is an inevitable accompani¬ 
ment of other more vital physiological 

processes, particularly carbon-assimila- 
tion. 


Water . requirement of gram T. 7, on 

grain basis, was 20% higher than that of 
giarn I. P. ;>8 (the early type), while, on 
plant basis, the small difference between 
the types (3%) is negligible: the mean 
values for the three years are : 

W. R. on grain : 

Gram T. 7: 1736 
„ I. P. 58 : 1442 




W. R. on plant: 

Gram T. 7 : 509 
,, I. P. 58 : 526 

Earliness by even a few days (about a 
week) enabled gram I, P. 58 to escape the 
early summer and mature better. 

SUMMARY. 

Transpiration and water requirements 
of a few promising types of important 
crops of the locality, bajra, juar (kharif 
crops), wheat and gram (rabi crops) were 
studied during the period 1937-1940. 
Moisture-content of the soil in the pots 
was maintained at the ‘optimum’ level 
(13% on oven-dry basis i.e., about 70% of 
the field-capacity of the soil). 

Bajra Local grows quicker and matures 
earlier than the two late types, A. 1/3 and 
‘Farm’. Juar S. 21 is slightly earlier than 
juar Local or Duggi. Wheat 9 D, com¬ 
pared to wheat 8 A, and gram I, P. 68, 
compared to gram T. 7, mature earlier by 
about a week. 


March of transpiration closely followed 
the growth behaviour of the different 
types of each crop. Transpiration by the 
early types reached their peak levels 
slightly earlier than the late types of the 
respective crops : the curves for the former 
types went down earlier. As earliness 
was not pronounced, the difference in the 
rate of transpiration between the early 
and the late types was not marked except 
between bajra Local and bajra A. 1/3. 

Bajra Local seems to possess a better 
control over transpiration than the late 
type, A. i/3 ; with an increase of 117% in 
a week in the evaporating power of the 
air, the increase in weekly transpiration 
amounted to 37% in Local and 55% in 
A. 1/3. Similar differences between the 
types of the other crops were not clearly 
discernible. 

The mean values of the water require¬ 
ments of the early and late types of the 
four crops are summarised below: 


W. R. on 


TABLE NO. 3.20. 

Water requirements of the early and late types. 

Bajra, Juar, Wheat & Gram. 


(Mean values). 


Kharif crops. 


Rabi crops. 


Bajra. 

* Local. A. 1/3 


645 

2726 


391 

3556 


Juar. 

*S. 21 

348 

3877 


Wheat. 

Loeal 8 A. *9 D. 


Gram. 

T.7. *I.P. 58. 


360 482 477 

2289 1361 1166 


509 

1736 


526 

1442 


Plan t: 

Grain : 

•(Early types) 

In general, the varietal differences for 
water requirement on plant basis are 
small and are not clearly related to the 

earliness except for bajra; but on grain 

basis, the values are lower for the early 

type, except for juar, due to the better 

maturity of the early types under local 

conditions. 

The varietal differences in water require¬ 
ments were more marked under adverse 
weather conditions. On plant basis, the 
value of bajra A, 1/3 during 1938 (a dry 


3 ^ear) was greater by 49% than in 1937 (a 
mild year), while it was only 2% for bajra 
Local: on grain basis, the percentage 
values were 219% and 20% for bajra A. 1/3 
and Local respectively. A similar effect 
of the climate, but of a much lower magni¬ 
tude was observed for the other crops too. 

• - 

The view that transpiration is an m_ 
evitable accompaniment of carbon assimi 
lation seems to be supported by a com¬ 
parative stud} r of the values for ‘ leaf-to- 
plant ’ and ‘ leaf-to-transpiration ’ ratios 
of wheat 8 A and wheat 9 D. 
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PART III 


Influence of soil-moisture on Transpiration and 

Water Requirements of crops. 

INTRODUCTION 


Growth and maturity of plants is large¬ 
ly influenced by the available water-supply 
to the roots. Moisture-content of the soil 
is the chief limiting factor in raising 
successfully crop plants in dry-farming 
areas. It depends on the total precipita¬ 
tion, the intensity on each occasion and 
the distribution. The available soil mois¬ 
ture is also influenced by the type of soil 
and the climatic conditions. 

Normally, under local conditions, the 
monsoon begins about the end of June ; it 
is fairly active during July and August and 
is almost over by the middle of Septem¬ 
ber. Kliarif crops, bajra, juar, etc., are 
raised during this period. The kharif 
season experiences a definite post-monsoon 
drought period ; intermittent spells of dry 
weather frequently occur: occasionally, 
continuous dry weather may prevail due 
to the failure of monsoon rains. The rabi 
season, end of October to April, may 
receive a few showers at any time from 
January to March. It is characterised by 
warm dry weather in March and April 
(early summer conditions) which coincides 
with the flowering and maturity stages of 
the rabi crops. Often when the monsoon 
rains are scanty and the winter rains fail, 
both the kharif and rabi crops do not grow 
and mature properly. 

The soils of the locality are chiefly of 
the light loam type with field capacity of 
about 17%, indicating fairly low retenti- 
vity; the wilting coefficient is about 4% 
Moisture-content of the soil in the locality 
is largely influenced by the weather condi¬ 
tions and is fairly low even upto a depth 
of about two feet during the climatic 


drought periods ot the kharif season, and 
almost throughout in the rabi season, re¬ 
sulting in poor growth and imperfect 
maturity of the crops. 

The influence of soil moisture on growth, 
transpiration and water-requirements of 
plants has been studied in different ways 
in pot cultures by various workers : 

i. Reducing the soil moisture to a 
low level at different stages of the plant 
growth: Moliboga (1927), Schopmeyer 
(1939), Whiteside (1941), Jagannatha Rao 
(1934—’37), etc. 

Maintaining different levels of soil 
moisture from sowing to harvest: Leather 
(1910), Kiesselbach (1916). Clements and 
Long (1934. 1935), Pessin (1938), Martin 
(1940), Bailey (1940), Singh and Singh 
(1936), and Srinivasan (1949). 

iii. Maintaining a range of soil mois¬ 
ture from the field capacity to any lower 
level: Schopmeyer (1939), Martin* (1940), 
and Kanitkar (1944 : work at Sholapur). 

The object of the first group of experi¬ 
ments, was chiefly to study the * critical ’ 
periods for different crop plants and their 
varities. In the second set, the results 
are generally of theoretical significance. 
Ihe third group of trials are of recent 
origin. Veihmeyer and his co-workers 
criticised vehemently the technique and 
results of the older investigators on the 
eiiect of soil moisture on growth of plants, 
llie iormer maintained firstly that growth, 
etc., could not be influenced by soil mois- 

t " reunless itw as below the wilting co- 
efficient; secondly, the moisture-content 
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of a soil could never be maintained at any 
particular level in pot cultures by any 
type of irrigation, but it was possible to 
maintain a range of soil moisture from 
the field capacity to any lower level. 

The present studies were undertaken 
with the object of studying the behaviour 
of important crops (kharif and rabi) of 
the locality : 

i. when the soil moisture was reduced 
from optimum (13%) to a lower level (10%) 
at different periods of the plant growth, 


ii. when the plants were grown with 
the optimum and low (8%) levels of mois¬ 
ture-supply from sowing to harvest, 

iii. when the soil moisture was main¬ 
tained at the low level (8%) throughout the 
life-cycle of a few promising types of the 
important crops of the locality, and 

iv. when the soil-moisture varied within 
the range—17% (the field capacity) to 6% 
i.e., 2% above the wilting coefficient. 


SECTION I. 

Effect of reducing the soil moisture from the optimum (13%) to a lower level 

at different stages of growth on Transpiration and Water 

Requirements of crops. 

A. Kharif crops : (Statement IV. 1. A; Figs. IV. i. 1, 2, 3) 

The experimental details are summarised : 

TABLE NO. 4. i.l. 




1936. 

1937. 

1938. 

1939. 

Soil moisture : 

4 Op * : 

Bajra: 

Local 

A. 1/3 

Local, 

Farm, 

Juar : 

Local 

S. 21 

A. 1/3. 

/ 

S. 21 

A. 1/3 

S. 21 

4 Lu C.’: 

55 

5 5 

55 

51 

55 

‘ L. E.’: 

Bajra: 


A. 1/3 

A. 1/3 

A. 1/3 


Juar : 


S. 21 

S. 21 

S. 21 

‘ L. V. 5 : 

5 1 



55 

55 

Sowing Date : 


30/6 

12/7 

11/7 

29/6 

Pot-size : 


/ 

/ 

- 12"xl2" - 

-/ 

12"xl8" 

Plants in each pot : 


/- 

- One - 

-/ 

Two 

Replications : 


4 

4 

5 

5 


* Op ’ : Optimum (13%) throughout; ‘ L. C.’ : Lower level (10%) from 1st September to 
maturity; 4 L. E.' : 10 % from earing to maturity; * L. V.’ : 10% for a month during early 

growth stage—from 16 th Aug. in 193S ; from 3lst July in 1939. 
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Moisture-content of the soil was reduced 
to a lower level (10%) than the optimum 
at different stages of the plants. These 
levels were maintained on a calculated 
basis from the original weight of the pot, 
soil, etc., and. as already pointed out, the 
figures for these levels do not represent 
the actual percentage of moisture-content 
throughout the soil. They represent the 
approximate levels, the variation being 
about +2'’ throughout the soil (Refer 
Part XI). 

The basis for the reduction of soil mois¬ 
ture is explained below : 

‘ L.C.’ : 10 % soil moisture from the beg- 

ginning of September to matu¬ 
rity :—As, under local conditions 
the weather usually becomes dry 
from the beginning of September, 
the reduction in soil moisture in 
the pots to a lower level from 
the beginning of September was 
considered to resemble approxi 
mately the field conditions. 

‘ L.E." : 10% soil moisture from the time 

of earing to maturity:- As the 
late type of bajra (A. 1 3), com¬ 
pared to Local, and the juars 
begin to car in September, i.e., 
alter the dry weather sets in, the 
effect of a reduction in tlie soil 
moisture after ear emerged was 

thought to give useful informa¬ 
tion. 

' L.V.’: 10 soil moisture during the early 

growth period Long spells of 

also occur now and 
then during the vegetative phase 
of the crop growth. So, the soil 
moisture was maintained at the 
lower level for about a month 
during the early growth period 
ol bajra A. 1/3 and juar S. 21 

during two kharif seasons, 1938 
and 1939. 


I he soil moisture w as maintained 
optimum level (op.) except when 
reduced to the lower level. 


at the 
it was 



Op. ’: 13% soil moisture from sowing to 

harvest :—W ith this level of 
moisture supply, the plants grew 
vigorously and resembled the 
plant.* in the fields in a normal 
season. 

This set seived as (.onliol for the above 
treat ments. 

It was not possible to try the different 
soil moisture treatments with both the 
types of each crop in all (he years, due to 
the limitations : number of pots available 
space, capacity to handle, etc. However, 
each treatment was carried out’at least 
during two easons. 

Among ihc two types of bajra, Local 
and A. 1/3, the latter was chosen for de¬ 
tailed study to investigate the reasons of 

%/ C/ 

its failure under local conditions. Bajra 
Local was included for comparison, though 
not in all the treatments. 

Weather : 

(1930—39). 

Except for 1930 when R.H D. at 8-40 
hours was recorded, weekly rate of evapo¬ 
ration from Piche’s evaporiraeter, kept in 
the Stevenson’s screen, was noted in the 
other three years. Weather conditions 
during the four years (kharif season) are 
summarised : 

•930: Mild season almost throughout : 
R.H.D. above 00%. 

1937: Dry period (weekly evaporation 
above 100 c.e.). during the 5th 
and the 6th weeks and again in 
the 14th week after sowing ; 
otherwise mild. 

1938: fairly dry (weekly evaporation 
above 80 c.e.) till the Si h week 
alter sowing : definitely dry 
(above 100 c.e.) later on almost 
to the end. 

1939 : Dry (above lOOcc.) during the 
6th and the 7tli weeks and again 



after the 14th week; mild at 
other times. 

Bajra Local 

As mentioned in the experimental de¬ 
tails. bajra Local was studied during 1936 
and 1938 with (i) optimum soil moisture 
throughout, and (ii) low (10 V,) soil mois¬ 
ture from the beginning of September 
(L.C.). 

Rate of Transpiration 

1936 : Plants of bajra Local of both 
the sets (Op. and L.C.) were transpiring 
at almost the same rate till the soil mois¬ 
ture of one set (L.C.) was reduced to 10% 
at the end of the 8th week after sowing. 
The other set continued at 13 soil mois¬ 
ture till the harvesting of plants (Op.). 

Fin mediately after the reduction in the 
moisture, the rate of transpiration in the 
next week (9th) went down by about 55%. 
For the same week, there was a fall in the 
rate of transpiration by the set running at 
13% soil moisture; but it amounted to 
only 37% and was due to the rise in humi¬ 
dity from 75% (9th week) to 82% (10th 
week). Since the 10th week, rate of tran¬ 
spiration by the treated set went down 
rapidly, without responding visibly to 
changes in humidity. 

Plants of both the sets eared in the 
8th week after sowing, about the time the 
treatment was started. 

1938 : Plants of the L.C. set were 
slightly more vigorous from the beginning 
and so, were transpiring at a higher rate 
than those of the Op. set. The soil moisture 
for the L.C. set was reduced to 10% at the 
end oi the 7th week. There was an im¬ 
mediate fall in the rate from 2570 gins. 
(7th week) to 1848 gms. (8tb week), though 
evaporation increased from 62 c.c. to 82 
e.c. in the two weeks. The rate of trans¬ 
piration by the treated set went up to a 
maximum of 3060 gms. (10th week), com¬ 
pared to 3848 gms. of the Op. set during 
the same week. Since the 10th week, 
transpiration by both the sets gradually 
Went down- 


Comparing transpiration during the two 
years, 1936 and 1938, the following points 
can be noted; 

(1) In both the years, an immediate 
fall in the rate of transpiration 
was noted with reduction in the 
soil moisture. 

(2) In 1938, apparently due to more 
dry weather conditions, rate of 
transpiration in the treated set 
recovered partially before the 
continuous gradual fall in the 
rate. The recovery was absent 
in 1936. 

Bajra : A. 1/3. 

1937 : The two treatments, L.C. (from 
the 8th week) and L.E. (from the 10th 
week) were studied. The control set (Op.) 
was maintained at ! 3% soil moisture 
throughout. First ear emerged in the 
10th week in ‘Op.’ and L.C. sets while it 
was about a week earlier in the L.E. set. 

The differences between the rates of 
transpiration by the three sets were negli¬ 
gible till the 7th week after sowing. In 
the L.C. set, there was immediate fall in 
the rate from 2890 gms. (7th week) to 
1813 gms. (8th week) on reduction of the 
soil moisture. The rate recovered slight¬ 
ly during the following week (1983 gms.) 
inspite of a fall in evaporat ion from 78 c.c. 
(8th week) to 51 c c. (9th week), and con¬ 
tinued at this low level till tlie 12th week, 
showing small changes in response to wea¬ 
ther conditions during this period. The 
rate went down rapidly from the 13th 

week. 

In the L.E. set too, there was a fall in 
the rate of transpiration from 2890 gms. 
(9th week) to 1285 gms (loth week) on 
the introduction of the treatment. The 
fall in the rate was partly due to the 
weather conditions (evaporation being a 1 
c.c. and 35 c.c. during the two weeks 
respectively). 

1938.-A11 the three treatments, L.C. 

L.E.. and L.V., were studied. The 
toll owing observations were made from a 


H 



study of the rate of transpiration by the 
different sets: 

(1) Reduction of the soil moisture 
resulted in an immediate fall in 
the rate of transpiration; the 
magnitude of the fall depended 
on the stage of growth and the 
weather conditions. 


Bajra 4 Farm 1 


1939 


In addition to bajra A. 1/3. ano¬ 
ther type, ’Farm', which was 
similar in growth, earing and other chara¬ 
cteristics to ] 3, was also studied but 
only tor the effec t ot the L. C. treatment. 
The results were similar to those obtained 
for A. 1/3 under identical conditions. 


(2) A recovery in the rate always 
occurred; the amount of recovery 
depended again on the stage of 
growth, at which the treatment 
was given, and the weather; 
however, there was no recovery 
in the L.E. set. 


(3) In the L.V. set, when the origi¬ 
nal soil moisture (13*) was rest¬ 
ored after five weeks at the lower 
level (:0%), the rate immediately 
increased by about 1. 36 k. gins, 
in the following week, part of 
which can be attributed to the 
increase in evaporation from 90c. 

c. (10th week) to 147c. c. (11th 

week). The control (Op.) itself 
did not respond to the large in¬ 
crease in evaporation. ° 


1939: All the treatments, under trial i: 

the previous year, were repeated 
Results on the effect of treatments o: 

same trend a 

m 1938. However, there was, intcad of 
tall m transpiration in the L. V. set, a 

actual increase with reduction in the’so 

moisture. This was due to the la, -<r e 
crease m evaporation from 92c. e in tl. 
5th week to 127c. o. in the 6th week 


Other observations 

Bajra Local. (1936 and 1938) 

Total muter transpired by tha plants of 

the L. C. set was lowered 
from 11.8 kgms. (Op.) to 9.8 kgms. (L.C.) 
and from 28.1 kgms. to 21.9 kgms. during 
19,j() and 1938 respectively. The difference 
was higher in the second year due to 
comparatively more dry weather in 1938 
than in 1936. 

bnj matter : Dry matter formed in the 

shoot and in the whole 
plant was lower in 1936 for the treated 
plants than for the Op. set. The leaf-dry- 
matter and the yield ot grain were not> 
affected by the treatment." 

In 1938, however, all the values except 
that of leaves were lowered by the treat¬ 
ment. The year experienced dry weather 
during the maturity period of the plants. 

Water requirements: In both the years. 

the treatment L. C. 
resulted in a lowering of the water require¬ 
ment calculated on * leaves ‘ shoot 
‘ grain and ‘ whole plant \ 

The above conclusions become more clear 

from the figures given below : 
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TABLE No. 4.i.2. 

Percentage reduction from Control (Op.) due to the treatment, L. C. (Bajra Local) 


Observations 

1936. 

1938. 


of 

/O 

of 

/O 

Total transpiration. 

18 

22 

Dry matter in leaves. 

+ 2* 

+ 11* 

., ,, shoot. 

10 

10 

grain. 

+ 3* 

14 

„ „ plant. 

5 

13 

Water requirement on : 


. 

k Lea ves \ 

3 J 

37 

1 Shoot \ 

10 

15 

‘ Grain 

21 

. 8 

‘ Plant \ 

15 

11 

* These figures indicate 

percentage increase over Control (Op.). 



Bajra A. 1/3 

1937 : u 

Total transpiration: Compared to the 

control (Op.) set, 

reduction in the total transpiration 
amounted to 3.5 kgms. due to the L. E. 
treatment and to 5.0 kgms. to the L. C. 
The L. C. treatment was started two weeks 
earlier (from the beginning of September) 
than the L. E. (from the time of ear- 

e mergence; earing started about the 
middle of September). 

.Dry matter: Due apparently to the 

formation of small tillers 
which did not grow well in the treated 
sets, the leaf-drv-matter was greater in 
both the L. E. and L. C. sets than in the 
Op. set. Dry matter in the shoot and the 
plant was according to the water supply 
in the different sets. 

The treatment L. E. had no effect on 
the grain yield : hut the yield was lower 
by more than 50 V, in the L C. set than in 
the Op. set. The treatment L. C. was 
started two weeks before earing. 


Water requirements : Compared to the 

Op. set, the val¬ 
ues on whole plant were lower for the trea¬ 
ted sets (L.C. and L.E.). On grain basis, 
it was lower for only the L. E. set than 
for the control, 

1938 : 


Total transpiration : A difinite reduction 

amounting to about 
4 kgms. was noted for the L. C. and the 
L. E. sets. In the L. V. treatment, there 
was a slight increase (1.39 kgms.) over the 
control (Op.). 


Dry matter: Control (Oj).) plants were 

unaccountably poor in gro¬ 
wth ; apparently the} r were not able to 
resist the high evaporating conditions oi 
the air to the same extent as the treated 
ones. Thus the dry matter production 
was lower for the Op. set than for the 
treated ; its ears (Op.) also did not mature 
properly and so the yield of grain was far 
below that of the treated plants ; grain 
maturity was erratic in the ease of L. E- 
and L. though on an average they yiel¬ 
ded better than the control. 
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Water requirements: Except on grain 

basis, water require¬ 
ment calculated on ' leaves * shoot ’ and 
on ‘ whole plant 5 showed little difference 
between the control and the L. V. sets; it 
was lower for the L. E. and theL. C. than 
control. ()n grain basis, the value for the 
control was quite high ((>867) compared to 
3573 of the L. V. set; the values were 
4243 and 3083 for the L. E. and L. C. sets 
respectively. 

1939 : 

The year was similar to 1937 except that 
the weather in 1939 was more dry from 
the 14th week after sowing. Growth and 
maturity of the plants in the different sets 
were more uniform in 1939 than in 1038. 
Total transpiration : Plants of the con¬ 
trol set transpired 
altogether 58 kgms. per pot containing 
two plants. It was definitely higher than 
the values of the treated sets (4 7 kgms. 
50 kgms., and 46 kgms. for the L.V , L.E.! 
and L. C. sets respectively). 


Dry matter: The leaf-dry-matter was 

greater in the L.E. set (43. 
1 gms. per pot) than that of even the con¬ 
trol (35. 1 gms ), apparently because of the 
large number of leaves formed on small 
tillers. The treatment (L.E.) was begun 
with the appearance of the first ear, ie.. 
about four weeks prior to harvesting. The 
plants matured early due to the drought 
occurring two weeks after the ear-emer¬ 
gence. The leaf-dry-matter in the L. C. 
set (36.0 gms.) was almost equal to that 
of the control, as the maximum leaf- 
production was complete when the treat • 
ment was given. The L. V. plants, as ex¬ 
pected, produced the lowest amount of 
leaf-dry-matter (29. 49 gms.), as the soil- 
moisture was at the reduced level for 
about five weeks during the early growth 
period. Regarding the shoot-aud plant- 
dr}'-matter, the order of superiority was: 

Op.) L.E.) L.C.) L.V. 

The results of the grain yield are more 

interesting. The actual values along with 

the percentages on the control arc summa¬ 
rised : 


TABLE NO. 4.1.3. 

Yield of grain by Bajra A. 1/3. 
(in gms. per pot with 2 plants.) 



Of 


). 


Yield of grain (gms. ) 
% on 0 ]). 


35.3 

10U 


The treatment L. V. had no effect on 
the yield while the other two treatments, 
_ anc * L. 0 .. reduced the yield by 42. 

trofjf) ?)' 8 ’’ res P ecti7e, . v fr° m the oon- 
Water requirements: The values calcua- 

ted on c leaf 5 bush 
were definitely lower for the L.E. (1 1751 

‘ uv ’ + w (1281) than for the control 


L. V. 

L. E: 

L. 0. 

35.3 

20.3 

23.0 

100 

57.5 

65.2 


(1658) or for L.V. (1600). A similar 
reduction, though only slight, was noticed 

hisis 16 Vil ues 0,1 ' s,loot ’ and on ‘plant' 

Lhe water rquirement on grain was 
significantly lowered bv the L V treat 
meat, compared to the control, while 
the values for the other two treatments 

tLn f, , L were l )31 ’ceptibly higher 
thru for the -ont.ro], as shown below 
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TABLE No. 4.i.4. 

Water repuireinent on grain. (Bajra A. 1/3.) 



- 

Op. 

L. V. 

L. E. 

L. C. 

W. R. on grain. 

1652 

1325 

2381 

2049 

Standard error + 

77 

16 

324 

154 


Summary of the results for Bajra A. 1/3 

(1937-’39) 

A strict comparison of the treatment 
effects in the different years (1937-’39) 
is not possib’e due to variations in the 
pot-culture technique as also in the 
sowing dates. But in general the folio- 
wing points are noted : 

(L) The total transpiration was defi¬ 
nitely lower in the L.E. and the 
L.C. treatments than in the Op. 
(control), as the period of treat¬ 
ment coincided with maximum 
transpiration. Among the two 
treatments, L. E. fared better 
than L.C., as the former exten¬ 
ded for a shorter period. But in 
1938, a drought year, there was 
no difference. 

The treatment L.V. studied du¬ 
ring 1938 an 1 ’39, gave contras¬ 
ting results. In 1938, when the 
season was dry and the sowing- 
date was later by about two 
weeks than in 1939, plants of 
the L.V. set transpired even 
slightly more water than the Op. 
set. It should also be remem¬ 
bered that during 1938. plants 
of the O[). set were unaccoun¬ 


tably poor in growth and matu¬ 
rity. In 1939, a normal season 
L.V. resulted in a definite reduc¬ 
tion in the total transpiration. 

(2) Dry matter: Reduction in the 

leaf - dry - matter 
was noted only with the L.V. 
treatment (1939), while it was 
either equal or even greater for 
the L.E. and the L.O. plants 
than for the Op. It might be due 
to a greater number of small 
ti'lers in the treated sets, particu¬ 
larly because the dry-weight of 
the shoot and the whole plant 
was less in these sets than in 
the Op. 

Yield of grain was definitely 
lower in the L.C. set than in the 
Op., in both 1937 and 1939. 
With the L.E. treatment, it was 
lower in 1939 but not so in 1937, 
perhaps due to the sudden occur¬ 
rence of very dry weather in 
1939 from the third week after 
ear-emergence, thus affecting the 
maturity; in 1937, the weather 
remained quite mild for about 
four weeks after the ear-emer¬ 
gence. The values are summa¬ 
rised : 



TABLE NO. 4 i.5. 


Yield of grain by Bajra A. 1 3 (gras, per pot) 



Year. 

Op. 

gms. 

L V. 

gms. 

L. E. 

gms. 

L. C. 

gms 

1937. 

13.3 


13.9 

6 2 

1939. 

35.3 

35.3 

20.3 

23.0 


Weather during 

O 

maturity period. 


mild 

1 )j v 



There was no reduction in the 
yield of grain with the L.V. 
treatment. 


Tt. may he noted that figures f'oi 


1938 a re omitted as maturity of 
the Op. plants was imperfect. 

(3) Water requirements: The values 

for 1937 

and 1939 are summarised : 


TABLE No. 4 i.6. 

Water requirements of Bajra A 1 3. 



W, R. on 


1937 


‘ leaves ’ 
‘ shoot 1 
grain 
‘ plant ’ 


Op. 

L E. 

LCf 

Op. 

L, E. 

v/ V 1/ 

L. 0 

2 2 0 5 

1440 

1262 

1658 

1175 

1281 

413 

441 

420 

435 

394 

3 9 6 

2150 

1764 

2974 

J 652 

2381 

2049 

3 6 2 

320 

335 

323 

301 

318 


L. \ 


1600 

407 

1325 

337 



There was a tendency for a 
lowering ot the water require¬ 
ment calculated on ‘leaves’ 

1 shoot ’ (in 1939 only), or ‘whole 
plant, with theLE. and L.C. 
treatments, compared to the Op; 
it was more evident in the ease 
of‘leaves’; with the L V. treat¬ 
ment, a small reduction was seen 
for ‘ leaves ’ and ‘ shoot 

Water requirement on grain 
was definitely higher for the L.C. 
than for the Op: it was also 
higher for the L.E.. provided the 
weather during the maturity 
period was dry as in 1939. The 
water requirement on grain was 
definitely lower with the L V 

than with the Op. in. 1939. 


m earing 


Bajra ‘Farm’ 

This type, which is liter 

than bajra Local and resembQ 

A.l ; 3, was studied m 1939. with only 

two sets, one for the Op. and the other 
ioi the L.C. treatment. 

Its behaviour was in all respects simi- 
ar to tllat the late type bajra A.l 3 

JUAR 

Juar has been included in the present 
studies, as, being late in earing like the 
bite type of bajra, A.l 3, the maturity 
ol juar is also adversely affected by the 
drought, generally occurring durum 
September and October. c 

The experimenta! details are included 
in Table No. 4.1. Juar Local was 
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studied during 1936 while the ‘sweet* 
type, J.S.21, was studied in detail in the 
later three years, 1937-*39. 

Juar Local (1936) 

Rate of transpiration: Both the sets 

(Op. and L. C.) 
were transpiring at almost the same rate 
till the 9th week when the soil moisture 
of the L.O. set was lowered from 13 \ 
to 10%. The rate of transpiration immedi¬ 
ately went down from 2898 gins. (9th 
week) to 2192 gms. (10th week), while 
the Op. set (control) showed a slight 
increase, the values being 293!gms. and 
3060gms. respectively. Earing occurred 
in the treated set two weeks biter (in the 
12th week). The rate by both the sets 
showed fluctuations due to changes in the 
weather and finally went down from the 
12 th week onward, due to maturity of the 
plants. 

Other observations: 

The treatment resulted in a lowering of 
the total transpiration, as well as the dry 
matter formed in the shoot and whole 
plant. Leaf-dry-matter in the L.C. set 
was nearly equal to that in the control. 
Yield of grain was lowered by about 21% 
by the treatment. 

As a result of the L.C. treatment, water 
repuirement on ‘ leaves ? showed a notice¬ 
able reduction while that on ‘grain’ 
increased. Other values showed negligible 
differences between the two sets, Op.&L.C. 

Juar S.21 (1937 to ’39)1 

Rate of Transpiration : During the three 

years, the effect 
of the treatments on the rate of transpi¬ 
ration was similar to that noticed in 


bajra A. 1/3. The following observations 
are made from the data of the three years: 

(1) An immediate fall in the rate 
was noted with the lowering of 
the soil moisture; the magnitude 
of the fall was generally smaller 
when the treatment was given 
in the early stages of growth as 
in the L.V. It was also influen¬ 
ced by the prevailing weather 
conditions. 

(2) A recovery in the rate was noted 
in all cases even when the soil 
moisture continued at the lower 
level; but the rate never reached 
at any time the corresponding 
rate by the control (Op.). 

( 3 ) The steep fall, generally noted 
in the curve for transpiration by 
the Op. set at the time of matu¬ 
rity, was not clear in the treated 
sets, L.C. and L.E., because the 
maximum rate of transpiration, 
reached before maturity, was 
much higher for the Op. set 
than for the treated ones, in 
the L.V. treatment, however, the 
curve resembled that of the Op. 
set as recovery was fairly comp¬ 
lete in the L.V. set due to resto¬ 
ration of the soil moisture to the 
original level by the lOtli week 
after sowing. 

Total transpiration: During tire three 

years, it was lower 

for the treated sets than for tlie control 
as seen from the values given below : 



TABLE NO. 4.i 7. 

Total transpiration by the treated sets. 
(Expressed as percentage on controli. 

Juar S. 21. 


Treatment. 

1937. 

1938. 

1939. 


O ' 

o 

0 

% 

• « )/ 

, G 

L. V. 


78 

81 

L. E. 

85 

78 

81 

L. C- 

72 

73 

78 


The differences between the treatments 
were small, though L.C. plants tended io 
transpire least. 

Dry matter: Both the treatments, L E. 

and LC., compared to ihe 
control, resulted in a lowering of the 
dry weight of the shoot and the plant, 
as also the yield of grain. The leaf-weight 
was almost the same for the two treat¬ 
ments as for the control. 


The L.V. treatment resulted in a reduc¬ 
tion in the dry weight of the leaves, shoot 
and the plant, but the grain yield was 
dec : dedly better than that of the control, 
hi general, grain-formation in juar was 

imperfect but it was more so with the 
L.E. and the L.C., while the L.V. deci¬ 
dedly improved it. The values for the 
dry weight of leaves and yield of grain 
are summarised. 


TABLE NO. 4.i.8. 

Dry-weight of leaves end yield of grain (.1 

(Mean per pot in gms.) 


uar f 


1\ 


Treatment. 


1937 

Leaves Grain 


1938 


Leaves Grain 


Op. (control). 

L. V. 

L. E. 

L. C. 


16.5 

17.3 

15.4 


12.9 

11.8 

8.9 


16.3 

12.7 

16.1 

17.6 


J 3.2 
17.6 
* 1.0 
11.4 


1939 

Leaves Grain 


38.7 
31 9 
37.0 
39.0 


12.4 
20.2 
*7.9 
’ 2.1 


The values are low due to stem-borer attack. 

Water requirement, : The value, obtained are summarised below a, percentage, on 

'he treated set, the respec tive controls (Op.) of eac h rear, 
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TABLE NO. 4.i.9. 

Water requirements of Juar S. 21. 

(Trea trnent values as percentages on control.) 


1937 1938 1939 


W. R, on 


L. E. 

• 

L.C. 

• 

L. V. 

L. E. 

L, C 

L. V. 

L. E 

L C 



of 

of 

O. 

o/ 

0 / 

o/ 

of 

o' 



/O 

A> 

/O 

/O 

h 

/O 

/o 

/O 

* Leaves'. 


79 

77 

99 

79 

67 

98 

85 

71 

‘ Shoot 5 . 


92 

102 

95 

96 

89 

98 

95 

92 

‘ Grain \ 


72 

85 

80 

7 

• 

81 

76 

7 

• 

7 

• 

‘ Plant 


87 

94 

95 

94 

94 

103 

95 

92 



? . Due to imperfect maturity, the values are omitted. 


The water requirement on ‘ leaves ’ was 
lowered with the L.E. and the L.C. treat¬ 
ments, indicating that the leaf-formation 
was almost complete by the time the 
treat ments were start ed, and some of these 
leaves dried up due to the reduced soil 
moisture thus lowering the transpiration. 
With the L.Y. treatment, however, the 
water requirement on ‘leaves 5 was almost 
the same as that of the control (Op.) 

A lowering of the water requirement on 
grain basis was also effected by the treat¬ 
ments. but the results in some cases were 
vitiated by stem-borer attack. 

Water requirements on shoot 5 and on 
‘ plant 5 were scarcely affected by the 
treatments. . 


Comparison bjtween the bajra types 

Local and A 13: Both the types were 

tested regarding the 
effect of one treatment, L.C, during only 
one year, 1938. But the comparison is 
not possible as growth and maturity of 
bajra A. 1/3 in the Op. set was below 
normal. 

'Farm' and A.1/3 (1939): Both the types 

were quite 
similar regarding their growth, time of 
earing, etc., and the treatment, L.C., had 
similar effect on the various observations 
noted on these two types as indicated 
below : 




TABLE NO. 4.1.10. 


Effect ot the L. C. treatment on growth, etc., of Bajra ‘Farm’ and A. I 3. (1030). 

(% of L. C. on Op.—control.) 



Observations. 


°o of L. C. 

on the control, Oj 



‘ Farm. 

A. 1/3. 

of: 


°; 

/O 

0/ 

. /*. 

Leaves 


119 

/° 

103 

Shoot 


82 

87 

Grain 


53 

65 

Plant 


86 

80 

brat ion. 


79 

79 

Leaves 


65 

77 

Shoot 


95 

91 

Grain 


171 

124 

Plant 


91 

98 



Both the varieties responded similarly 
to the L.( . treatment; but t>l 10 grain yield 
of Farm was more adversely affected by 
the treatment than that ’ of A. 13 , 
although total transpiration was equally 
affected in both the types: the increase 
in the ■water requirement on grain amount¬ 
ed to 71% for Farm’, while it was only 

24 0 lor A. 1 3, over the the respective 
controls. 


Comparison between Bajra A. 13 and 

Juar S. 21 

As both the crops are grown during the 
same season (kharif), it will be useful to 


compare the effect of the different treat¬ 
ments on the behaviour of these two crops. 
Both of them eared at about the same 
time, 11 to 12 weeks alter sowing, but 
bajia A. 13 was ready lor harvesting a 
week or two earlier than juar S. 21. & 

Ji'tte of transpiration by bajra A. i 3 
and juar S. 21 responded in a similar way 
when the soil moisture was reduced at 
different stages of growth. 


Total transpiration by juar S. 21 was 

slightly higher than by bajra A. 1 3, but 
the effect of the treatments was similar 
on the two crops as indicated below : 

TABLE NO. 4d.ll. 

Total transpiration by Bajra A. 1 3 and Juar 8. 21. 

(Percentage on Op.) 



Treatment. 


1937. 
B. A. 1 3. , 


1939. 


1 V 

•J 


L. V. 
L. E. 
L. C. 


87 

78 


S. 21. 

B. A. 1 3. 

J. S. 21. 

/<-> 

O' 

/1> 

1 i 

(J 

— 

81 

81 

85 

86 . 

81 , 

72 

79 

4 i 

78 


83 



Figures for 1938 are omitted due to 
poor growth of the Op, set of bajra A. 1/3. 

With the L.E. and the L.C. treatments, 
the reduction was slightly greater for juar 
S. 21 than for bajra A. 1/3, bub the diffe¬ 
rences are negligible. 


Dry Mailer : The behaviour of the two 
crops regarding the dry-weight of leaves, 

etc., as affected by the treatments, was 

fairly similar to each other, as shown 

below : 


TABLE NO. 4.i.l2 


Growth and yield of grain b} r Bajra A. 13 & Juar S. 21. 

(Percentage on Op.) 




Dry-weight of 

1937. 


1939. 



L. E. 

L. 0. 

" " L. V. 

L. E. 

L. 0 



of 

/o 

O/ 

/o 

o' 

/o 

o/ 

/o 

O/ 

/O 

Leaves: 

Bajra A. *.'3 

136 

119 

84 ; 

123 

103 


Juar 8. 21 

105 

93 

82 

96 

101 

Grain : 

Bajra A. 1/3 

105 

47 

100 

58 

65 


Juar S. 2 1. 

’ 91 

69 

j 63 

*2 

• 

*2 

• 

Plant: 

Bajra A. 1/3 

97 

84 

77 

92 

80 


Juar S. 21 

97 

77 

79 

86 

79 


* Grain yield affected by stem-borer attack. 


The response by the two crops to the 

treatments was quite similar with respect 

• • * . * . * 

to the dry-weight of the. whole plant. The 
leaf-dry-matter of bajra A. I 3 improved 
with L.E. and the L.C. treatments. This 
\va« absent for juar. The effect of the 


treatments on the two crops was generally 
similar in the two years. 

Water requirements : Both bajra A. 1/3 
and juar S. 21 behaved similarly in res¬ 
ponse to the treatments. The values, ex¬ 
pressed as percentages on the respective 
controls (Op.), are summarised : 


r Loaves' 


PlairCt ’ 


TABLE NO. 4.1.13. 

Water requirements of Bajra A. 1/3 and Juar S. 21 

(Percentage on control—Op.) 


1937. 


1939. 


Crop, 

L. E. 

L. C. 

L. V. 

L. E. 

L. C 

• • . t « • • • • • 

O/ 

/O 

of 

% 

o/ 

/O 

c •/ 

0 

B. A. 1 3. 

65 

57 

96 

71 

77 

J. S. 21. 

79 

77 

9S 

95 

92 

B. A.’ 13. 

88 

93 

104 

93 

98 

J, S. 21 

87 

94 

103 

95 

92 



84 



The treatments lowered the water 
requirements of both the crops on leaf- 
basis, compared to the respective controls 
but the amount of lowering varied with 
the treatment, the crop and the year. 


Water requirment on plant-basis wan 
affected in both the crops by the treat¬ 
ments to the same degree; however, the 
change in the values due to the treatments 
was less than 15%. 


RABI CROPS. 

TABLE No. 4.i.l4. 

Experimental details. 


Treatment. Crop. 1936-’37. *37- 38. '38-39. 


'39-40 


Op. 

Wheat: 

8 A. 

i 

/ 



Gram : 

i 

T. 7 


L. C. 

Wheat: 

00 

> 

8 

A 


Gram 

: T. 7 

T. 

7 

L, E. 

Wheat : 

► 

8 

A 


Gram 

• 

• 

T. 

7 

L. V. 

Wheat 

• a r f 
• 



L. 

Wheat 

• 

• 

8 A, 9D. 

Sowing date 

• 

• 

4-11-30 

3-11- 

37 

Pot-size: 


/- 12 "xl 2 "- 


/ 

Plants per pot : 

One 

One 


Replications 

• 

• 

4 

4 



8 A, 91) 
-T. 7, 

8 A, 9D 
T. 7, 

8 A 


I. P. 58- 

8 A 
1. P. 58 - 
8 A, 9D 


8 A. 9D 


10 11 

/ — 12 "x 18 





18 10 




Op: Optimum soil moisture (l3’ 0 ) from sowing to harvest. L K • 
from time of oaring or flowering. L C. : 10 % from middle of February 
early growth ; L : 10°,'. throughout . 


Lower Jovel 1 l>r,J 
L. V. : I O f. ilur ir:g 


The basis of each treatment is explained: 

(a) Optimum soil moisture (13 b) 
throughout, Op.: Normally, good 
growth and maturity of the 
plants was always obtained 
when the soil moisture was kept 
at 13% from sowing to harvest. 
This set served as the control. 

(b) Lower level of soil moisture (10 ,’) 
from middle of February, L.C: 
Under local conditions, weather 
becomes warm after the winder 
months of December and January 
indicating the spring conditions. 
Often summer sets in early, by 
about the middle or end of 


February and the weather be¬ 
comes warm and dry in March. 
These conditions affect the matu¬ 
rity of the rabi crops, particularly 
wheat and its late types. 

(c) Lower level of soil moisture 
( 10 ,*) from the time of first ear- 
emergence or first bud opening 
till maturity, L.E.; Late types of 
wheat, like 8 A, start earing in 
the 3rd or the 4th week of 
February. Thus this treatment, 
L.E., in comparison with the 
previous treatment L.C., might 
give useful information regarding 
tlie critical nature, if any, of the 
ear-emergence period. 
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(d) Lower level (10%) for about six 
weeks during the early growth 

o » o 

stage, L.V.: Often due to failure 
of the late kharif rains or of the 
early winter rains, soil moisture 
in the locality is fairly low during 
the stem-elongation period (from 
about the 7th week after sowing 
to the 13th week i.e., in January 
and part of February.) 

(e) Lower level (10%) from sowing to 
harvest, L: In drought years, 
due to the partial failure of 
monsoon rains and also of the 
winter rains, the soil moisture 
during the rabi season remains 
fairly low throughout. This as¬ 
pect of the problem is studied in 

greater detail in Part IV. Section 
• • • 
in. 


As the conditions, explained under the 
treatment L.C., are more frequent in the 
locality, both wheat and gram were 
studied during all the four years for this 
treatment. An early type of each crop 
was also included in the later years. Grea¬ 
ter attention was paid to wheat 8A by 
including it in most of the treatments to 
study its response. Whenever conditions 
permitted, the early type of wheat, 9D, 
was also included. 

One type of gram, T. 7 (slightly late- 
flowering), was included for the L. C. 
treatment. An early type, I.P. 58, was 
also studied with this treatment during 
the last two years. A more detailed study 
of gram could not be undertaken. 

Weather during the four years (rabi 
season) is indicated by the readings of the 
Piche’s evaporimeter. 


TABLE N o. 4.i.l5. 


Range of evaporimeter values. 


(with respect to different growth phases of wheat 8A) 


Stage 

of 

growth 

Week 

after 

sowing 

1936-37 

(in 

Tillering 

3- 7 

ec. 

24- 64 

Stem-elongation 

8-16 

26- 67 

Earing 

17-20 

32- 89 

Maturity 

21-23 

85-105 


37-38 

c.c. 

38-39 

per week) 

39-40 

cc. 

cc. 

cc. 

49- 78 

44- 72 

68 - 80 

29-102 

30- 84 

17- 79 

72-119 

47- 81 

Cl- 83 

132-144 

99-172 

57-116 


The rabi seasons of 1936-'37 and 1939- 
’40 were mild while the remaining two sea¬ 
sons, particularly 1937— 38, experienced 
dry weather during the maturity period. 

RESULTS. 

Wheat. 

1936—37 

Rate of transpiration : Plants of wheat 

8 A of the L.C. 

set were transpiring at a lower rate than 


those of the control (Op.) even before the 
treatment was started, as they were less 
vigorous in growth ; but the course of the 


turves was similar. The treatment wa& 
;iven in the 16th week after sowing ami 
he rate went down slight \y from 998gm s * 
16th week) to 843gms. (17th week)* 

evaporation was quite low during this 
►eriod. Recovery in the rate of transpi - 
ation by the treated set reached a maxi¬ 
mum level of 1642gms. (20th week) whic 1 
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was much less than the rate by the control 
(3782gms). Since the 20th week, the rate 
by both the sets went clown rapidly. 

Other observations: Values for the total 

transpiration and for 
the dry matter formed in the treated set 


were about half of those of the control. 
This large difference was partly due to the 
less vigorous condition of the L C. plants 
from the beginning. 

The values tor the water requirements 
are summarised : 


TABLE No. 4,i,10. 

Water requirements of wheat 8 A. (1936- 37 ). 

« ^ ^ L. C. on control'. 



Treatment. 


W ater requirement on 
Leaves 4 Shoot 1 ‘Grain’ 


‘ Plant ’ 


L. C. 


% 

86 


113 


119 


103 



A marked increase in the water require¬ 
ment on shoot and on grain were noted 
for the treated over that of control. On 
leaf-basis, the water requirement was 
lower for the treated set. There was 
practically no difference between the water 
requirements of the two sets on plant- 
basis. 

1937 — 1940 

The results of the three years are 
summarised together, as both wheat 8A 
and 9D were tried during this period 
although the latter type could not be 
studied in as great a detail as 8A. 

ltale of transpiration : The data and the 

, . curves for rate of 

transpiration indicate the following: 


L. ^ . treatment: Reducing the soil mois¬ 
ture from 13 , to 10 : in the 7th or the 
8 th week after sowing did not result in an 
immediate fall in the rate of transpiration 
hy either wheat 8A or 9D, as the stem- 
tlongation started at about this time and 
transpiration increased rapidly. However 
the influence of the treatment was clear 
when the rate of transpiration by the 
treated set was compared with its control 
(Up). During the treatment period <8th 
to 14th week), transpiration by 8A and 

CD in the treated sets was at a lower 
level than the corresponding controls. In 
1 037- 38 and ’38-’39, the difference was 
greater for 9D than for 8A as seen from 
t he figures given below for the last week 
of the treatment period (14th week! 


TABLE No. 4 .i.l7. 

Transpiration by wheat 8 A and 9 I) during the 14th week after sowing. 

(° , of L. V. on Op.). 



Crop and type. 


1937—’38 


1938-’39. 


1939-’40 


Wheat 8 A. 
Wheat 9 D. 


O' 

/(i 
f V 

65 

58 



°/ 

O 

43 

48 


O' 

/O 

53 

58 


*7 


The greater reduction in the rate of 
transpiration hy 8A and 9D, as a result 
of the treatment in 1938-'39, was appa¬ 
rently due to the relatively more dry wea¬ 
ther during the treatment period in this 
year than in the other two years. 

V * 

On restoration of the original level of 
soil moisture (13°,.) in the treated sets, 
the rate of transpiration recovered in both 
the wheat types, but not to the level of 
the respective controls. The curves for 
the treated sets during this period show 
that the recovery was less in 9D than in 

V 

8A. apparently because the treatment 
period covered more completely the stem- 
elongation stage of 9D than ot 8A* 

L.E and L.C. treatments: As the first ear 

of wheat 9D 

appeared generally in the middle of 
Febmary, the time of the L. C. treatment 
(70% soil moisture from middle of Feb¬ 
ruary) coincided w ith that ot the L. E. 
treatment (10% from time of caring)- So 
theie was no necessity to study both the 
treatments in separate sets for wheat 9D. 
For 8A. the treatment (L.E.) started a 
week or two after the L.C., because the 
first ear appeared abont the 3id week ot 

February. 

Plants of both wheat 8A and 9D res¬ 
ponded to a lowering of the soil moisture 


(L. C. and L. E.) by an immediate reduct¬ 
ion in transpiration : but the amount of 
reduction varied with the w r eather imme- 
diately after the treatment. The magni¬ 
tude of the fall in transpiration due to 
treatment can be better estimated by a* 
comparison with transpiration by the 
corresponding control during the same 
period. 


Rate of transpiration by the treated 
sets (8 A and 9 D) later on was at a much 
lower level than the corresponding con¬ 
trols. 


L. treatment : One set each of wheat 
8 A and 9 D was maintained at 10% soil 
moisture from sowing to harvest during 
1937- ; 38. The curves for rate of trans¬ 
piration by 8 A and 9 D under this treat¬ 
ment were in general similar to those of 
their corresponding control, but were 
running at a much lower level. 

The influence of the different treatments 
is brought out clearly by a comparison of 
the maximum rate of tr nspii "tion reached 
by each of the sets. The v: ms for the 
treatments are express?d ar > .rcentages 
on the respective contre Is. r ’ maximum 
rates were reached in almos the sets 
between the 19th and tin 1st week 
after sowing, in the fonr yes !-■ • 


TABLE No. 4.U8 


Maximum weekly rate of transpiration by wheat 8A & 9D. 

(Percentage on control). 





i 936—37 

37—38 

38 

39 

39- 

-40 

eatment. 

8 A 

8A 9D 

8A 

9D 

8A 

9D 


§ 

i >/ 

u 

o' o' 

/O /O 

o' 

/o 

O 

/O 

of 

/O 

o’ 

/o 

L. V. 

— 

92 89 

91 

87 

93 

96 

L. E. 

m - ■ ^ ■ • 

72 — 

84 

— 

65 

61 

L. C. 

43 

69 — 

68 

79 

62 

— 

t 

• 

65 65 

-- 

—— 

— 

— 



Wheat 8 A suffered most under the 
treatment L and least under L. V. Between 
L. E. and L. C., the latter was apparently 
more harmful due either to a slightly 
longer duration of the treatment L. C. 
than L E. or to the fact that L. C. was 
started before the ear-emergence. 

The response of wheat 9 D to the treat¬ 
ments was fairly similar to that of 8 A. 


The abnormally low value of 43 % for 8 
A in 1936-3« was due to less vigoroua 
growth of the L. C. set, compared to the 
control, even before the treatment was 
begun. 

Total transpiration : The results of t he 
three years, 1937-38 to 39-40, for both 
the types ot wheat arc expressed as per¬ 
centages for the treatments on the respec¬ 
tive controls. 


TABLE No. 4.i.l9. 


Total transpiration by the tieatcd sets of Wheat 8 A and 9 D. (% on control - Op.). 



Treatment. 

1937- 

’38. 


8 A. 

9 D. 

L. V. 

o 

. * * 

87 

of 

O 

84 

L. E. 

78 

— 

L. C. 

70 

— 

L. 

00 

03 


1938- 

’39. 

1939 

— ’40 

• 

8 A. 

9 D. 

8 A. 

9 D. 

o/ 

i 1 

0/ 

■ 0 

9 

O ' 

< • 

/ 

O 

/O 

87 

75 

85 

84 

90 


89 

70 

1 O 

75 

84 




Wheat 8 A : 1937-38 ; plants of wheat 

8 A transpired altogether the lowest 
amount of water when the soil moisture 
was maintained at 10% throughout (L), 
compared to the other treatments. Reduc¬ 
tion in the total transpiration was least 
for the L. V. treatment in 1937-38. Per¬ 
centage values for the L E. and the L. C. 
treatments on control were almost the 
sa me and were intermediate between the 
remaining two treatments (L. V. and L.). 

The effect of the L. V. treatment did 
not vary in the three years. Comparino 
the values for L. E. in the three years, the 
percentage was the lowest in 1937-38, 
while there was no difference between the 
values for the other two years and these 
values were comparatively high. The 
year, 1937-38, experienced dry weather 
during the maturity period of wheat. 

With the L. C. treatment the percentage 

values for the first two vears were fairly 
low (76% and 76% for : 37-’38 and '38-’39 


respectively), while it was as high as 84%, 
in the third year. The former two years 
were definitely more dry than 1939-40 
during the maturity period ; 1937-38 was 
even more so than 1938-39. During such 
weather, there was apparently a reduction 
in the total effective leaf surface by dry¬ 
ing of leaves or reduction in further leaf- 
formation. 

A comparison between the L. E, and 
L. C. sets in the different years reveals 
further information. In 1937-38, both 
L.E. and L. 0. gave low values (78% and 

76% respectively), while in 1939-40 they 

"’ere fairly high (89% and 84% respec¬ 
tively). There was not much difference 
between the two treatments, though there 
was an apparent tendency for the L. 0. to 
give a lower value than the L. E. In 
1938 39, however, the percentage for L.E. 

J an< ^ ^ C. (75°, j were markedly 
different. It should be noted that the 

L. 0. treatment (i.e., 10% soil moisture 
from middle of February) was sturted onlv 

I 



a week or two before the L. E. (i e., from 
the time of earing), as the first ear of 
wheat 8 A emerged in about the third 
week of February, The lower value for 
the L. C. compared to the L. E., indicates 
that tlie pre-earing stage of wheat 8 A is 
more susceptible to soil moisture than the 
stage just after ear-emergence. 

Wheat 9 D- 

The low value of 75%, obtained with t he 
L. V. treatment for 9 D in 1938-39. was 
due to the continuous dry weather during 
the treatment period in this year than in 
the other two years. The values for 9 D 
were almost the same as those of 8 A in 
1937-38 and in 39-40, but in 1938-39, it 
was much lower for 9D (75°;.) than for 8 A 
(87%). apparently because 9 I) suitered 
more than 8 A due to the dry weather 
during the treatment period: the per.ud 


coincided more completely with the stem- 
elongation stage of 9 D (a quick-growing 
type) than of 8 A. 

Reduction in total transpiration by 
wheat 9 D for the L. E. and L. C. treat¬ 
ments amounted to 25% of the control. 
The reduction was generally higher than 
for 8 A. 

Dry matter : Dry matter formed in the 
shoot and in the whole plant as also the 
yield of grain by both wheat 8 A and 9 D 
were lowered by the treatments; actual 
values for the dry matter for the different 
treatments are of the following order : 

Op>L.E. >L.C> or <L.V. > L. 

The results for leaf-dry-matter and yield 
of grain are explained in greater detail. 
The values of the last three years are 
summarised : 


TABLE No. 4.i.20. 


Leaf-dry-mat ter and yield of grain by Wheat 8A & 9D. 
(Percentage of treatments on respective controls.) 



Observation. 

Treat¬ 

19)7 — 

38. 

38- 

-39. 

39— 

40. 


ment . 

8A. 

9D. 

8 A. 

9D 

sa; 

9D 



i »' 

o 

0 

o 

o 

o/ 

/ o 
§ 

O' 

O 

o* 

VI 

o' 

.' 1 

Lcaf-drv- 
matter: 

L. V. 

63 

69 

69 

65 

83 

74 


L. E. 

104 

— — 

92 

—- 

103 

98 


L. C. 

92 

- — 

83 

93 

105 

— 


L. 

53 

55 

— 

— 

-- 

— 

Grain yield : 

L. V. 

74 

94 

89 

72 

89 

92 


L. E. 

83 

— 

94 

— 

85 

78 


L. C. 

77 

— 

91 

78 

86 

— 


L. 

67 

74 

- - - 

— 

— 

-- 

Weather : 

— » » »■ ■ — ■■ * • - • • • % • 

Dry at 

maturitv. 

« 

Dry: stem- 

elongation. 

Mild. 



ed to the others, due to the low moisture 
supply (10%) throughout the life of the 
plants. 


Leaf-dry-matter: The percentage val- 
use of both wheat 8 A and 9 D were the 
lowest for the L treatment, when corapar- 


The L. V. treatment came next in order, 
with percentages ranging between 63’. 
and 69 V. during the first and the second 
years ; the values for the third year were 
higher. Thus, the low soil moisture dur¬ 
ing the early growth period reduced the 
total amount of foliage. 

The treatment L. C. resulted generally 

Cv v 

in a greater reduction in the leaf-dry- 
matter of wheat 8 A than the L. E; lower¬ 
ing the soil moisture previous to ear- 
emergence reduced the foliage to a greater 
extent than lowering it after ear-emer¬ 
gence (L. E.). There was, however, no 
difference between the L. E. and L. C. 
values in 1939-40. 

Yield of Grain : Wheat 8 A: The vields 

* 

from the different treatments are of the 
following order in the first two years : 

Op>L. E>L. C>L. V>L. 


i. The drought period during the 
maturity stage in 1937-38 was 
not as harmful to wheat 9 D as 
to 8 A under conditions of L.Y. 
treatment. Tt may be noted that 
the weather during the treatment 
period (8th week to 14th week 
after sowing) was quite mild. In 
1938-39, however, under the same 
L.V treatment, wheat 9 D suf¬ 
fered more than 8 A. Thus, under 
the above experimental condi¬ 
tions, wheat 9 D was apparently 
more sensitive to drv weather 
during its steiu-elongit ion stage, 
as in 1938-39, and wheat 8 A to 
atmospheric drought at maturity 
stage (19:;7- In 193 *-’40, 

there was scaredv anv difference 

• »/ 

between the behaviour of S A and 
9D to the L.V. treatment. The 
weather was mild. 




The values were lower generally in 
1937-38 than in 1938-39. chiefly due to 
dry weather during maturity period in the 
former year. The effect, of the treatments 
was also more marked during this year 
than in 1938-39. 


The difference in the sowing date in 
19 >9-40 ^earlier by 2-'» weeks than in the 
previous two years\ as also the mild 
weather at maturity apparently nullified 
the differential effect of the treatments 

Wheat 9 D: The treatments, L. E., 

L. C.. and L, resulted in a fairly uniform 

and big reduction amounting to about 25% 

of the control (Op ) It may be noted that 

all the treatments could not be tried in 

the same season in even a single year 

* * 


The reduction in yield of grain by 9 I 
with L V. treatment was quite small ii 
1937-38 (6 V.) and in 1939-40 (8 d, whil 
it was 28 . in 1938- >9. As already poiu 
ted out in the previous observations, th 
treatment period in 1933-39, which coinei 
ded completely with the stem-elongat ioi 
stage of 9 D, experienced relatively mor. 
dry weather than in the other two years 

Comparison Intween wheat cS A and 9 D: 


ii. Reduction in soil-moisture from 
l : ~ to 10% from about the 
middle ol February (L.C.) affec¬ 
ted more adversely the yield of 
grain bv 9 L) than by 8A( 19-»8-‘*>9). 
Wheat 91) (the early type) was 
just earing. 

»■ * _ 

iii. With 10 o soil moisture through¬ 
out (Li, wheat 8A suffered more 
than 9J) regarding the yield of 
grain. 

Relationship between leaf - dry - matter, 
grain yield, and total transpiration : 

Generally, with crop plants, the ratio of 
grain to shoot is studied to obtain infor¬ 
mation on the balance between the vege- 
tative and the reproductive phases of the 
plants. It would be perhaps equally inte¬ 
resting to know the relationship between 
the total leaf-drv-matter and the yield of 

* i/ 

grain, as also total transpiration. 

The following table gives the leaf-to - 
grain ratio (yield, of grain ' in gms. total 
leaf-dry matter in gins.) and Wf-to-total 
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transpiration* (total waiter transpired in treatments. It may be noted that the 
K. gms./total leaf-dry-matter in gins.) for latter ratio is almost the same as water 
both wheat sA and 9D for the various requirement on leaf basis. 

TABLE No. 4.i.21. 

V 

Leaf-to-grain and leaf-to-transpiration ratios. 

(Wheat 8 A & 9 D). 


Treatment. 

• 

1937- 

-38. 

1938 

-39. 

, ,— H • *** • 

1939 

—40 

8 A. 

9 D. 

8 A. 

9 D. 

' 8 A. 

9 D 

Leaf-to-grain ratio : 






• w ■ ■ • •• * 

Op. 

2.6 

3.5 

3 1 

4.8 

2.4 

3.0 

L. V. 

3.2 

4.7 

4.0 

5.3 

2.6 

3.7 

L. E. 

2.1 

— 

3.1 

— 

2.0 

2.4 

L. C. 

2.2 

— 

3.4 

4.1 

2.0 

— 

L. 

3.3 

4,7 

— 

— 

— - — 

■ 

Leaf-to-transpiration ratio : 







Op. 

3.9 

4.9 

4.0 

5 5 

2 4 

2.9 

L. V 

5.5 

5 9 

5.3 

0 5 

2.5 

3.2 

L. E. 

2.9 

•- 

4.0 

— — 

2.1 

2.2 

L. C. 

3.2 

•- — 

3.8 

4.5 

2.0 

—— 

L. 

4.5 

5.7 

-- 


— 

— 



Leaf-to-g rain ratio' yield of grain in gms. per lgm. of total leaf-diy-weight. 

Leaf-to-transpiration ratio: Total water transpired iu kgms. per 1 gm. of total 
leaf-dry-weight. 


The following salient features can be 
noted from the above results : 

1. The leaf-to-grain ratios of both 

wheat ^A and 9D follow the order 
of efficiency given below lor tl>e 
various treatments. 

% 

L>L.V> Op. > L.C. > L.E. 

2. Wheat 91) possessed better leaf- 
grain efficiency (higher ratio) than 
wheat S A. 

•Leaf-to-transpiration ratio : It is not actually 
a ratio us the two components are not in the same 
measure, both in gms. or in kgms., but is used f or 

convenience. 


• ». The leaf-to-transpiration ratio 

follows the same trend as the 

% 

leaf-to-grain ratio in the various 

treatments, except that the value 

of 8A for the L treatment (4.5) 

was lower than that of the L-V. 

treatment (5.5). 

» 

4. The close resemblance between 
the two sets of ratios in the 
different treatments suggests that 
the leaf maintains a balance bet- 

0 

ween transpiration and grain- 
formation. 

Water requirements : 

Water requirements of wheat S A and 
90 on shoot and on jdant followed 1,1 
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general the order given below for the 
different treatments: 

L. V. > Op. > L. > L. C. > L. E. 

Water requirements on leaf-basis are 
already explained above, under leal'-to- 
transpiration ratio. 


The influence of the t reatments on water 
requirement on grain basis was slightly 
different from that on shoot or on plant. 
Tlie results on grain are expressed below 
as percentages on respective controls (Op) 


TABLE No. 4 i.22. 


Water requirements on grain of Wheat 8 A and 9 D 



1917- 

-38. 



1938—39. 

1939- 

-40. 

Op. 

L. V. 

L. 

Op. 

L. V. 

L. C. 

Op. L. V. 

L. E 

Wheat: 

o/ 

o 

o* 

/o 


(j 

o 

( • 

$ 1 1 

1 1 

>o 

1 l 

8 A: 1482 

103 

90 

1116 

94 

80 

1013 95 

104 

9 D : 1404 

89 

85 

1149 

103 

95 

940 92 

98 

Weather: 








Stem ' 

elongation ( 

mild 



dry 

c 


mild 


stage: ) 








Earing & \ 

maturity S 

/ \ < . i 

Dry 

t/ 



mild 


mild. 



Op.: Actual values; treatments (L. V., L., etc ): , on : Op.* 


Wheat 8A: In L).>7-’4S the treatment 
L resulted in a greater reduction in the 
water requirement than the other treat¬ 
ments when compared with the lespective 
control. The difference between L.V. and 
L.C. treat ments (whose values Were almost 
equal to that of control) was neligible. 
IJie treatment L E, lowered the water 
repuirement slightly. The'year experienced 
drought conditions during the maturity 
stage of the wheat plants. L.C. & L.E. 
results are omitted in the table. 


>v near v u : m , 


vaiue was low for the treatment L. (8 ) 
The value was low (89 d) for the L V.* 
1 1 eat men t too. A similar reduction to 
9 2 y was observed for L. V. in 1939*40. 
x\ 1 lile in 1938 39, it was even slightly 

greater than the control. 


With the L. C. in 1938 39 or the 1,. E. 
in 1939-40, the difference between the 
treated $et and the respective control was 

negligible. 


In 1938— 1939 which was mild, 
tlicj treatment L. 0. resulted in a greater 
reduction in the water requirement than 
with the other treatments. 

In 1939-40, the differences between the 
control and the treated sets were negligi¬ 
ble.^ During this year, sowing date was 

" - 3 weeks earlier than in the previous 
years. 


( omparison between 8 A and 9 D : 
W ater requirement on grain : 

1. The water requirement was lower 
lor 9 1) than lor 8 A with 

optimum 3o : l-moisture-content 
(13%) throughout. The d fference 

was more marked in 1938-39. 

2. In 1937 38, when the soil niois- 
lure was low (10 T) during the 


9 $ 


stem-elongation period (L. V.), 
wheat 9 D responded better than 

8 A by reducing its (that of 9 D) 
water requirement to a greater 
extent, the percentage values on 
the respctive controls being 89% 
and 103% for 9 D and 8 A res¬ 
pectively. The year experienced 
mild weather during the stem- 
elongation stage and drought at 
maturity. 

With the same treatment (L. V.)* 
the reiationship between 8 A and 

9 D was reversed in 19 >8-89, 
which experienced dry weather 
during the treatment period. 
Apparently wheat 9 D is more 
sensitive to adverse environmen¬ 
tal conditions during the stem* 
elongation period. 

o. In 1988-89, the treatment L. C. 
resulted in a small reduction in 
the water requirement for 9 D 
(to 95%) compared to that of 8 
A (80%). 

4. In 1937-88, with a lower soil- 

moisture-content (10%) through¬ 
out (L) the water requirement 
was lowered for both 8 A and 9 
D, to a greater extent for 9 D. 

5. Reduction in soil moisture from 
the time of earing (L. E.) did not 
alter the water requirements of 
8 A and 9 D in 1989-40, when 
the weather was mild throughout; 
the percentage values are 104% 
for 8 A and 98% for 9 T). 

GRAM. 

Gram T. 7 was studied during the four 
years (1937 to 1940) witli the two treat¬ 


ments Op. and L. C. An early type, I. P. 
58, was included in the last two years. In 
addition, gram T. 7 was also studied with 
the L. E. treatment in one year, 1987-38; 
the treatment was started when the first 
flower bud opened in the first week of 
February. The experimental details are 
given in the beginning along with those of 
wheat (Table No. 4. i. 14). 

Desuits. 

Rate for transpiration : The curves lor 
weekly transpiration by the different sets 
followed the same course till the treatment 
was started. Generally, the rate of trans¬ 
piration went down immediately after the 
soil moisture was reduced from 13% to 
10%. The fall in transpiration was masked 
in cases where the weather conditions 
suddenly became more dry during the 
week after the treatment began, than in 
the previous week. 

The maximum rate of transpiration 
reached by the treated set alter the treat¬ 
ment began, was only one-half to two- 
third of the maximum rate by the control 

(Op.). 

In 1987-88, gram T. 7 behaved in 
almost the same way whether the treat¬ 
ment was given from the middle ol 
February (L. C.) or immediately after the 
first bud opened (L. E... Actually, the 
L. E. treatment started about a week 
before the L. C. treatment. 

The difference in response, regarding 
rate of transpiration, by the two types 
of gram, T 7 and I. P. 58 to the L. h • 
treatment was small Results lor the nn 
mediate fall in transpiration with begin 11 
ing of the treatment, as also ol the niax^ 
mum rate of transpiration reached during 
the treatment period by the two g ral 
types are tabulated below: 


94 



TABLE No. 4.1.23. 

(1) Rate of transpiration in the week following the treatment. (Oram T. 7 & I. P. 58) 

(Expressed as % on the rate during previous week). 


Crop & type. 


1938—39. 

Op. L. C. 


1939 —40 

Op. L. C 


Gram T. 7, 
Gram I. P. 58 


o 


O' 
A * 


102 

94 


67 

78 


123 

120 


94 

94 


(2) Maximum rate (gms. per pot per week) during the treatment period. 


Crop & type. 

1038—39. 



1939-40. 


Op. 

L. C. 

% on Op. 

Oj). 

L. C. 

% on 


gms. 

gms. 

o' 

o 


gms. 

gms. 

of 

r> 

Gram T. 7. 

5108 

3354 

66 


5465 

2599 

48 

Gram I. P. 58. 

5051 

3740 

74 


5346 

3099 

58 


As a result of the treatment, the im¬ 
mediate fall in the rate of transpiration 
by I. P. 58 was les.s than bv T 7 in 19 >8— 
•59. Tlie diffe rence was negligible in the 
second year. 

Recovery seems to he better for I. P. 
38 than for T. 7 in both the years. 


Other observations: Tn the four years, 

total transpiration, 
dry-matter formed in leaves, in shoot and 
in whole plant, as also yield of grain of 
gram T 7 were lower for the L C treat¬ 
ment than for the respective control. The 
results, expressed as percentage on con¬ 
trol, are given for total transpiration and 
yield of grain. 


TABLE No. 4.i.24. 

Meet of the L. (’. treatment on total transpiration and yield of grain by Gram T. 

(Percentage on control). 


I . 



Observation. 


1936—37. 


37—38. 


38—39. 


O 


Total transpiration. 
Yield of grain. 


,o 

83 

57 


O 

o 


o/ 

o 


86 

86 


68 

/ 


39 — 4a 


0 / 

o 

69 

81 




In the first and the second year, the 
reduction in total transpiration, due to 
the treatment, amounted to about 15% 
only, while it was about 32% in the other 
two years. In the former two years, 
weather was apparently unfavourable (low’ 
evaporation and low temperatures) till 
about the middle of February when the 
L. 0. was started. Thus vegetative growth 
could not be completed by this time. 
When growth was resumed after this 
period, dry weather set in and transpira¬ 
tion was high even in the treated set In 
the last two years, weather was almost 
the reverse of that, met with in the 
previous two years. 

f 

• • 

The effect of the treatment on grain 

v_< 

yield was pronounced in 19>6->7 (57% of 
the control), while, in 19->7-• 8 and 1939- 
40, the yield was reduced by 1 4% and i 9% 
respectively. In 19c8- : 9, the mean value 
for yield of grain in the ‘Op’ set (control) 
was abnormally low: so, the percentage 


for the L. 0 is not given in the above 
table. 

Water requirement: The values on shoot 

and on whole plant 
tended to be low r er for the treated set 
than for the control in all the years except 
1936-37. Standard errors of many of the 
values for w ater-requirement on leaf and 
on grain were high, indicating large in¬ 
dividual variation. 

L.E. treatment. (Gram T.7): 1937-38 : 

The effect of the treatment was similar 
to that of the L.C. on the different obser¬ 
vations recorded. The treatment was 
started about a week before the L.C. 

Comparison between Gram T.7 and I.P.58. 

(1938-39 and ‘39-’40). 

The effect of the L.C. treatment on rate 
of transpiration by T.7 and I. P. 58 was 
already considered. A comparison is now 
made between the two types of gram for 
the influence of the treatment on some of 
the other observations. 


TABLE No. 4.i.25. 

Effect of the L. C. treatment on Gram T. 7 & I. P. 58. 

(Percentage on Control-Op.) 


Observation. 


Total transpiration. 

Yield of grain. 

Water requirement on plant. 

' The two types did not differ regarding 

V 

their response to the treatment; though 
gram T.7 seems to have yielded relatively 
more grain with a better water-economy 
(on whole plant) than I.P. 58, under the 
L.C. treatment. 


1938- 

-59. 

1939 

40. 

J. 7. 

1. P. 58. 

T. 7. 

I. P. 58. 

o' 

o' 

o' 

o' 

/_ 

'O 

/ 9 

o 

4 

o 

68 

72 

69 

76 

/ 

• 

93 

81 

74 

78 

84 

85 

90 


Comparison between wheat 8 A and gram 
T.7. under tlie L.C. treatment (J 937-40): 

As both the crops are grown in the 
same season (rabi), the two can he 
compared regarding Iheir response to the 
L.C. treatment (i. e., reduction in soil 
moisture from the middle of February). 





TABLE No. 4.i.26. 

Effect of the L. C. treatment on Wheat 8A and Gram T. 7. 

(Mean of the 3 years— \37-^-’40.) 


Observation. 

• 

Wheat 8 A. 

Gram 

Water requirement on: 



* ^ •• " 

(%. of L. C. on Op.) 




i. Leaf-dry-weight. 


S'>% 

106% 

ii. Grain. 


99% 

93% 

Leaf-to-grain ratio: 

Op. 

2.5 

1.7 


L. C. 

2.1 

2.7 


l 


Other observations have not been 
tabulated because both wheat and gram 

c 

esponded similarly to the treatment. 

The water requirement of gram on leaf 
basis was not lowered l v the treatment, 
while it was lowered by 7°, fc r wlu at ; 
under the treatment conditions, total 
transpiration was not checked by gram as 
effectively as wheat. The water require¬ 
ment on grain was lowered by 7'. for 
gram, but only by 1°,. for wheat. 

The results on leaf-to-grain ratio 
indicate that, under the L. C. treatment, 
gram was more efficient than wheat, th.e 
ratios being 2.7 and 2.1 respectivelv for 
gram and wheat. Under optimum soil mois¬ 
ture conditions (Op.), the ratio was lower 
for gram than for wheat. 

The conclusions are: Under unfavour¬ 
able conditions of moisture-supply during 
the blooming and maturity stages: 

1. Gram plants apparently trans¬ 
pired relatively more water per 
unit leaf-dry-matter than wheat; 


2 . 


3 


gram was more economical than 
wheat regarding the water-loss 
in relation to grain-formation : 

tlle foliage of gram was more 
efficient than wheat regarding 

grain-formation, ” 
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Summary of the Results of Part IV, 

Section 1. 

Rate of Transpiration. 

It is reminded that the rate of trans¬ 
piration, as given in tlie present studies 
relates to the weekly transpiration per 
pot containing one or two plants accord¬ 
ing to the experimental conditions. The 
leaf-area could not be measured on grow¬ 
ing plants with any accuracy, and so. 
transpiration per unit leaf-surface could 
not be calculated. The latter (i.e., the 

intensity of transpiration), perhaps, would 

have enabled a better comparison of the 
intrinsic capacity of the varieties for tran- 

sj iration under conditions of reduced soil 

moisture. However, the present results 
give some valuable information regarding 
Ihe influence of lowering the soil holard (a 
term recently used for soil moisture) on 
the march of transpiration. 

Reduction in the soil holard from the 
optimum level (13 - field capacity : 17,) 

at different stages of the growth of the 
plants resulted in an immediate lowering 
of the rate of transpiration by the four 
crops under study (bajra and juar during 
'hard, and wheat and gram during rabi 
season,'. The rate recovered except when 
the reduction in the soil holard occurred 
after the ear-emergence in bajra A. 1 / 3 . 
ihe recovered rate was more than 50 0 f 
the rate bv the control set running at 13 n , 


0 ? 


vsoil holard (optimum level). However, the 
tall in transpiration, as also the recovery 
were largely influenced by the prevailing 
weather conditions, and, to a certain 
extent, by the growth of the plants after 
the treatment. 

-Restoration of the soil holard to the 
optimum level, after a temporary reduc¬ 
tion to i 0% fora short period (4 to 0 
weeks) during the early growth of the 
plants iL. V. treatment), resulted in a 
recovery ol the rate of transpiration by 
baira A. 1/3 to a level higher than that of 
the optimum set ; the recovered rate by 
juar S. 21 was lower than the rate by the 
respective optimum set. Bajra A. 1/3 
matures comparatively earlier than juar 
S. 21 ; so, when the optimum set of bajra. 
A. 13 was maturing, resulting in the 
downward trend for transpiration, the 
plants of the treated set were still re¬ 
covering due to the restoration of the soil 
holard to the optimum level. The be¬ 
haviour of wheat 8 A (the late type', 
compared to wheat 9 D (the early type), 
under the L. V. Treatment, was similar to 
that.observed for juar (the late maturing 
kharif crop) compared to bajra A. 1/3. 

Other diffe renees in rate of trans¬ 
piration between the crops or between 
the varieties due to the trestments 
were small and were not consistent 
in the different years. 

Total transpiration: 

With a reduction in the soil holard from 
13 V, to 10%, the total transpiration by the 
four crops and their varieties ranged from 
70% to 9C% of the respective controls with 
optimum soil holard of 13 V. throughout. 

The differences due to the treatments, 
L.V., L.E., L.C., were not consistent in 
the different years, apparently because of 
the greater influence of the weather condi¬ 
tions on transpiration. For the same rea¬ 
son, the differences between the crops or 
between the varieties, were not clear. 
However* a temporary reduction in the 


soil holard during the tillering and stem- 

elongation stages (L.V.) when the plants 

were transpiring at a low rate, resulted in 

a lowering of the total transpiration to 

about the same extent as when the soil 

holard was reduced during the maximum 

foliage stage (L.E. or L.C.); apparently, 

the L.V. treatment reduced the growth of 
the plants. 

When the soil holard was maintained at 
the lower level (10%) throughout (L.), 
wheat 8A and 91) transpired altogether 
only 60’ o of the respective controls. 

Dry-matter production : 

The treatments reduced the total dry- 
matter by about 20% of the respective 
controls ; the reduction was least (less 
than about 10%) when the soil holard was 
reduced after the emergence of the first 
ear (L.E.), the mean values being: bajra 
A. 13: 1%, juar S. 21 : 11%, and wheat 
8A : 6 V. Jn the early type of wheat. 91), 
the reduction was about 17%; the treat¬ 
ment was started much earlier for wheat 
9T) than for wheat 8A. 

Among the three treatments, L.V., L.E., 
L.C., the first gave the lowest amount of 
total dry-matter indicating that total 
growth was adversely affected by lowering 
the soil holard during the early growth of 
the plants. 

The lower moisture-supply from the 
beginning of September for the kharif 
crop plants and from the middle of Feb¬ 
ruary for the rabi plants (L.C. treatment) 
was more harmful to the growth of bajra 
A. 1 3, juar S. 2J, and wheat 8A than 
when the moisture-supply was lowered 
from the time of the first ear-emergence 

(L.E.); it may be noted that the L.C. 
treatment was started a week or two be¬ 
fore the first ear emerged in these crop 
plants. 

Thus the results indicate that 

i. unfavourable conditions of inois- 
ture-supplj r during the early sta¬ 
ges of growth adversely affected 
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the total growth (total dry mat¬ 
ter) of the plants ; and 

ii. growth was almost complete by 
the time the first car emerged 
out. 


When the soil moisture was maintained 
at the lower level (10.) from sowing to 
harvest (L.), j T ield of grain by wheat 8 A 
and 9 D was reduced to 67% and 74% 
respectively, compared to their controls. 


It should be noted, however, that the 
soil-moisture of the treated pots was 
lowered by only 3%(i.e., from 13% to 10%) 
and for a short duration in each case. 

In one year, when the lower level of soil 

%) was maintained from sow¬ 
ing to harvest of wheat 8 A and 9D plants, 
the total dry-matter was only 63 , (8A) 
and 68% 19D) of the respective controls 
(Op. sets). 

The differences between the types of 
each crop or between the crops due to the 
treatments were small and inconsistent. 
However, the L.E. treatment reduced the 
total dry matter in gram T. 7 in 1037- 38 
to 69% of the control, while the value for 
wheat 8A (grown during the same rabi 
season) was 96% ; the treatment was star¬ 
ted much earlier for gram than for wheat, 
as the former began llowering about three 
weeks before the first ear of wheat 8A 
emerged. 


Water requirement on grain : 

1 he reduction in water requirement on 
grain, as a result of lower soil holard at 
different stages of growth, amounted 
generally to less than 10% of the 
respective controls. But the L. V. 
treatment reduced tlie water requirement 
ot bajra A. 1 3 to 66 of tin* control (mean 
of two years). 

The varietal differences or those bet¬ 
ween the crops due to the treatments were 
small and were influenced largely bv th<* 
weather conditions. 

Water requirement on plant : 

Ihe values tor the L. \. treatment were 
almost the same as for the control. The 
water requirement was lowered by the 
other two treatments. L. E. ? and L C% to 
a small extent dess than 10 >; the effect 

<m grain was slightly more pronounced 
than on the other crops. 


Llie effect of tlie treatment varied in 
the different years indicating the iffuenee 
ot the weather conditions; the range of 
variation for the L.C. treatment was trea¬ 
ter for bajra A. 1 3 than for juar S. 21 in 
the kharif season ; and for wheat 8A than 
lor gram T. 7 during the rabi season. 

Yield of grain : 

In the different years, the effect of the 

treatments was more variable on yield of 
grain than on either total transpiration or 
on total dry-matter. Still, the L. V. 
treatment to bajra and juar gave consis¬ 
tently better yields than even the respec¬ 
tive controls (Op. sets); Imt the yield bv 

wheat was lower with the same treatment 
1 ' V ) than with the optimum moisture 
n ,pty ( °>’->- The differences in !,% 
between the L.E. and L. 0. treatments 
were generally small and inconsistent 


I. 


11 . 


A comparison between wheat 8 A and 9 
L> o 1 the leaf-t-o-g rain ratio and leaf-to- 
transpiration ratio in the various treat¬ 
ments leads to the following conclusions ; 

The leat-to-grain ratio of wheat 
9 1) was higher (i.e., greater 
efficiency) than that of wheat 8 A. 

1 lie leaf-to grain ratios of both 
wheat 8 A and 9 D follow the 
order of efficiency given below 
for the various treatments; 

I; ^ L.V. ) Op. ) L.C. i L.E. 

): greater than. 

«'i. The leaf-to-traiispiration ratio foll¬ 
owed in general the same trend 
as the leal-to-grain ratio. 
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DISCUSSION 

(Part IV. Sec. i) 

Rate of transpiration : 

With a reduction in the soil moisture 
from 13'o to 10%, when the plants were 
fairly well-grown (L.C, and L.E. treat¬ 
ments). an immediate fall in the weekly 
transpiration by the different crop plants 
under study, was observed. The rate re¬ 
covered generally. The fall and recovery 
in transpirat ion depended on the prevail¬ 
ing weather conditions and the stage of 
growth of the plants. The lator in the 
life of the plants, the treatment was given, 
the greater was the fall in transpiration 
and the recovery was also less because the 
plants were already maturing, as in the 
case of the early crop, gram, under the 
L.C treatment (treatment from the mid¬ 
dle of February). In cases of recovery, 
the completely recovered rate attained a 
level of about 50 0 of the rate by the 
plants supplied with the optimum soil 
moisture. The recovery was generally 
even more after the L.C. to late crops like 
juar and wheat, because growth of these 
plants, which had not yet formed their 
first ears, was not even half-completed. 

With the L.V. treatment, when the soil 
moisture was reduced to 10% for four to 
six weeks during the early growth of the 
plants, the immediate fall in transpiration 
was slight, as at this time the plants were 
young and just beginning to grow. Occa¬ 
sionally, when the weather during the 
week, in which the treatment was started, 
was dry or the growth was rapid, the im¬ 
mediate fall in transpiration, as a result 
of reduction in the soil moisture, was 
masked ; but the effect of the treatment 
could be seen by a reduction in the rate 
of increase in weekly transpiration ; the 
curve for transpiration by the treated 
plants rises less steeply than the curve for 
the opimum set. 

During the L.V. treatment period, the 
weekly transpiration ramained at a lower 
level than that of the Optimum set, 
though the transpiration curve of the 


treated set maintained the same contour 
as that of the Optimum set ; the treated 
plants continued to grow during the 
treated period, but the growth was less, 
compared to that in the Optimum set. 

When the soil moisture was restored to 
the optimum level for the L V. plants at 
the end of the treatment period, the 
weekly transpiration showed a sudden 
spurt; the plants were either completing 
the stem-elongation stage or were in the 
middle of it, depending on the early or 
late nature of the crop plants. The curve 
for transpiration by the L.V. plants soon 
readied almost the level of the Optimum 
curve and in the early crops (bajra com¬ 
pared to juar) or the early types (wheat 
9 D compared to wheat 8 A', the recover¬ 
ed rate often exceeded the optimum rate; 
the treated plants were slightly delayed in 
growth compared to the Optimum plants. 

The results of other workers relate to 
the influence of different levels of moisture 
supply on rate of transpiration ; it was 
generally concluded that the rate of trans¬ 
piration (intensity of transpiration or 
daily or weekly transpiration) was higher 
with increase in moisture-supply. This 
aspect will be discussed in detail in the 
next section, 

The present experiments were designed 
chiefly for local conditions. The soil 
moisture was reduced by only 3 V. from 
the Optimum level, as under field condi¬ 
tions, in normal years,'thesoil moisture in 
7 */ 7 

the root-zone is at about this level. The 
author lias not come across similar studies 
undertaken elsewhere. However, Frei 
(1924), Scliopmeyer (1939) and Whiteside 
(194 1) observed a lowering of the rate of 
transpiration when the soil moisture was 
reduced from the optimum to a minimum 
level ; as they allowed a gradual depletion 
of soil-moisture by stopping watering, the 
fall in transpiration was also gradual. A 
sudden and immediate fall in transput" 
lion with a reduction in the moisture 
supply, noted in the present experiments, 
and a later recovery were not observed by 
the above workers, apparently due to the 
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difference in treatment. The sudden fall 
in transpiration, met with in the present 
studies, cannot be attributed to putting 
out of action of some roots with the lower¬ 
ing of the soil moisture, as had been point¬ 
ed out hy Schopmeyer in his experiments, 
because, here, the soil moisture was lowered 
by only 3 //,; it may be due to a sudden 
upsetting of the water-balance of the 
plants resulting in a check on transpira¬ 
tion; the plants soon got adjusted to the 

reduced soil moisture and the weekly 

%/ 

t r an spi r at io n re cover e d. 


The differences in transpiration between 
the crops or their types due to the treat¬ 
ments were neither marked nor consistent 
as the soil moisture was reduced bv only 

/ l/ %/ 

3%. However, tlie recovery in the rate of 
transpiration by gram I. P. 58, as indi¬ 
cated by the maximum rate of transpira¬ 
tion attained by the L. C. plants, was 
better than by gram T. 7 in both the 
years, 1938-39 and 1939-40. The maxi¬ 
mum rates by the treated plants, expressed 
as percentages on the maximum rates of 
the respective control sets are: 

1938-39. 1939-40. 

% 

Gram T. 7 00 48 

Gram 1. P. 58 74 58 


The effect of the treatment was largely 

influenced by the weather conditions inthc 
different years. 


Total transpiration : 

The treated plants invariably transpired 
altogether less water than the respective 
controls; the reduction amounted from 
10 o to 30'o of the controls. The reduc¬ 
tion was generally greatest with the L.G. 
treatment and least with the L.V. treat, 
ment, but the differences were small. Juar 
S 2! was more susceptible to re luction in 
soil moisture than bajra A13 : the per¬ 
centages on the respective controls (mean 
ol 3 years) are : 



L. C. 

L. E. 

L. V. 


0' 

u' 




/D 

O 

Bajra A. 1.3. 

82 

80 

93 

Juar 8. 21 

74 

81 

80 


The differences between the other crops 
or their varietes were negligible. 


Dry-weight of plant and yield of 


grain 




The three treatments, L.V., L.C., and 
L.E. were tried with bajra A. 1/3, juar 8. 
21 (kharif crops) and wheat 8 A (rabi) for 
three years. The mean values for dry- 

weight of plant and yield of grain are 
summarised : 
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TABLE No. 4.i.27. 

Dry-weight of plant and yield of grain by Bajra A. 1/3, Juar S. 21, Wheat 

8 A and Gram T. 7. 

(Percentage of respective controls; mean of 3 years.) 


Observation, etc., 

Dry-weight of plant: 

Kharif: Bajra A. 1/3. 

Juar 8. 21 

Rabi: Wheat 8 A. 

Gram T. 7. 

Yield of grain: 

Kharif: Bajra A. 1/3. 

Juar S. 21 

Rabi: Wheat 8 A 

Gram T. 7. 

* Result of one year only. 

Gram was not studied with all the treat¬ 
ments nor even in all the years, but the 
available data are given for comparison. 

Bajra A. 1/3 is an early maturing crop 
compared to juar S.2I; similarly gram 
T.7, compared to wheat 8 A. 

The duration of the L.V. treatment was 
the same for the two kharif crops, four to 
five weeks; it was six weeks for the rabi 
plants. The treatment coincided with the 
early growth of the plants. 

The L.O. treatment for the kharif plants 
was started from the beginning of Septem¬ 
ber, to imitate the usual post-monsoon 
dry weather conditions which affect the 
soil moisture too. The treatment was 
started for the rabi crops from i he middle 

of Fcbruarv to resemble the local earlv 

• _ ^ 

summer conditions. The late-earing crops, 
like juar 8.21 in the kharif, and wheat 
8 A in the rabi, started earing, generally 
after the L.C. treatment was begun. Thus 
the results of the L.C 1 . and of the L.E. 
treatment, the latter beginning with the 


L. V. 

L C. 

L. 

o 

0 / 

o' 

/o 

A* 

/o 

90 

88 

99 

81 

79 

89 

85 

78 

94 

— 

85 

*G9 

148 

87 

98 

149 

58 

54 

84 

74 

84 

— 

75 

*82 


first ear emergence or opening of the first 
flower, might explain the poor perfor¬ 
mance of the late-earing crops under local 
conditions 

The L V. and L.C treatments, compared 
to the L E . reduced the growth of the 
kharif plants, bajra A J,3 and juar S2'; 
the late-maturing juar S 21 suffered to a 
greater extent Growth of bajra A J/3 
was almost complete by the time the first 
ear emerged so that the L.E. treatment 
gave as much dry weight as the control 

Growth of wheat 8 A was least affected 
by the L.E., and most by the L 0. Growth 
of gram, compared to the other crops, 
suffered most with the L.E.. as the first- 
flower opened about the end.of January, 
and thus the L.E. was started about four 
weeks earlier than for wheat. 

The results on yield of grain arc more 
interesting. The L.V. treatment which 
reduced the growth of the kharif crop 
plants, bajra and juar, enabled them to 
yeild more grain (about .30b more) than 
even the respective controls. It- is a 
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common observation in the field conditions 

m 

that the kharif crops, compared to the 
rabi crops, grow luxuriantly due to the 
warm and moist weather of the early part 
of the kharif season : but yield of grain by 
the kharif crops is low, apparently due to 
the post-monsoon dry weather which does 
not allow proper maturity of the highly 
vegetative plants; the plants are unbalan¬ 
ced with reference to the amount of vege¬ 
tative growth and yield of grain. Thus 
when the vegetative growth was reduced 
by the LV treatment, the plants could 
survive the post-monsoon dry weather 
better than the controls and yield more 
grain than the controls. But, with the 
rabi crop, wheat 8 A. the L.V. gave only 
84 ’., of grain compared to the control; 
growth, as also the yeild of grain, were 
equally affected. 


1 he L.E, treatment did not reduce the 
yield of grain by bajra A. 1 3 ; as already 
seen, even the growth was not affected. Tt 
may mean that for bajra A. 1/3, which 
generally forms per plant one large ear on 
the main shoot, the extra 3°,. of soil mois¬ 
ture available to the control plants (Op.) 
trom the time of first ear-emergence 
(compared to the L.E. plants) is merely 
wasted, as it neither results in an increase 
in the total dry-weight or in the yield of 
giain. The L.E treatment lowered the 
yield of grain by juar S.21 by about 50°/,. 
The reduction in yield of grain bv the two 
rabi crops was 16% for wheat 8A and 18% 
for gram. The treatment (L.E.) lowered 
the growth of wheat 8 A to a less extent 
than its yield of grain while gram respon¬ 
ded in a reverse fashion; its grain yield 
v as better than its growth ; however the 
results of gram relate to one year only. 


The yield of grain by bajra A.l 3, whet 

8 A and gram T.7 was affected most I 

1 ie L.( treatment when compared wit 

the other treatments; juar 8.21 wa 

equally affected by the L.E. and L ( 
treatments. 


It appears that, under the experimental 

conditions of the present series 


1. a mild soil drought during the 
early growth period helps the 
kharif crop plants, bajra A.l 3 
and juar S.21, to mature better; 

2. the period just before the ear- 
emergence is more critical’ than 
the post-earing or early vegeta¬ 
tive phases of bajra A.l 3, and 
wheat 8A: the jire-earing and the 
post-earing periods are equally 
critical for juar S.21. 

Critical, periods in the growth of wheat 
and other crop plants were extensively 
studied by other workers, both in pot- 
cultures and in agronomic experiments. 
Tulaikov (1926) pointed out that the 
heading out and blooming stages are the 
critical periods for cereals like wheat. 

barley, rye, etc: the conclusion was based 
on the estimation of water requirements 
at 10-day intervals when the plants were 
giown under conditions of good moisture- 
supply. Experiments with good moisture- 
supply cannot give conclusive results of 
practical importance regarding the criti¬ 
cal periods. David (1934) observed that 
droughts during the most intensive period 
of growth up to grain-formation cause 
the greatest damage, a vague but safe 
conclusien. Maximov (1929. p 39 - 7 - 399 ) 

summarised the results of the Russian in¬ 
vestigators and discussed the problem of 
critical periods’ in detail. Brounov (1899. 
B'12), who used the term ‘critical period* 
for the first time, pointed out that the 
critical period for cereals in respect of 
soil moisture, occurs just before the head¬ 
ing of the crop. His conclusions were 
6asod on observations on the crops in the 
Helds, over several years. Moliboga (1927) 
conducted detailed investigations in pot- 
cultures by stopping watering, sufficiently 
ong to result in permanent wilting at 

m erent stages of growth and recovering 
the same with optimum moisture suppl\\ 
His results are: Wilting during:— 

k tillering stage: no effect cn growth 

and yield. . ° 

• • 

IL ra pid stem-elongation and flower- 

1 Or - 


forming 

yield. 


stage; shorter plants; lower 


iii. post-flowering stage: No effect. 

Maximov discusses the relationship 
between the critical periods and drought 
resistance and cautions that hasty conclu¬ 
sions should not he reached on such 
problems. 

In 1 he present studies, soil drought of 
the intensity adopted by other workers 
was not tried, as it was not intended to 
obtain results of theoretical significance. 
Under local conditions, where the soils are 
quite deep and loamy, the soil moisture 
in the active root-zone seldom reaches the 
wilting coefficient. Moreover, unless the 
critical periods are estimated with refe¬ 
rence not only to soil moisture but in 
conjunction with atmospheric drought too 
("controlled artificially) and until the two 
are studied in different combinations for 
the various growth stages, the results 
cannot be of much practical importance. 
This has been borne out by the results 
obtained in the present studies for the 
yield of grain by wheat 8 A and 9 D under 
the L.V. treatment in the three years, 
1937-38, 38-89, and 39-40. when the 
weather varied from year to year. Also, 
frequently, a cereal plant exposed to soil 
drought during the heading out stage 
(apparently of the main shoot) can make 
up the loss of that one ear by producing 
several mature tillers, provided the condi¬ 
tions, both soil and atmospheric, at the 
tillering phase and the post-heading phase 
are at the optimum level. Drastic environ¬ 
mental conditions occur rarely in agricul¬ 
tural areas, and strains of crops, suited to 
very unfavourable conditions, i.e., drought 
resistant* types, give comparatively low 
yields in semi-arid or dry-farming areas in 
normal years. 

Water requirements. 

Reduction in the water requirements of 
the different crop plants, on grain basis 
or on plant, as a result of the treatments, 
amounted generally to less than 10% of 
the respective controls. However, on 
grain basis, the values for bajra A.1'3 and 


juar 8.21 under the L.V. treatment were 
66% and 79% of the respective controls, 
indicating that the plants were more 
economical in regard to water-loss and 
grain-formation under conditions of the 
treatment than when the plants were 
grown with optimum soil moisture from 
sowing to harvest. 

A critical study of the wheat types, 
8 A 9 D : 

The influence of the L.V. treatment 
on wheat 8 A (late type) and 9 D (early 
type) was studied during three years. The 
results have already been explained in 
detail elsew here and the salient points are : 

1. In genera], the two types of 
wheat responded in a similar 
way to the treatment. 

2. With the L.V. treatment, dry 
weather during the maturity 
stage, as in 1937-38, was more 
harmful to wheat 8 A than to 
9D regarding the yield of grain ; 
the percentage values on the 
respective controls are 74% for 
8A and 94% for 9D. But, in 
1938-39, which experienced dry 
weather during the treatment 
period (stem-elongation stage of 
9D), wheat 8A fared better; the 
percentage values for the treated 
sets on the respective t controls 
are 89% for 8A and 72% for 9D. 
It may be remembered that 
wheat 8 A tillers more, grows 
less rapidly, ears and matures 
later than wheat 9D ; maturity 
of 8A is generally adversely 

affected under local conditions 
by the earlv summer conditions, 
as noted in 1937-38. The wea¬ 
ther conditions of 1938-39 arc 
infrequent in the locality. 

The results on the relationship between 
the total leaf-dry-matter, and (i) the total 
dry matter in the plant, (ii) the yield ot 

grain, and (iii) the total transpiration 
give an indication to the superiority () 
wheat 9D over wheat 8A. 


TABLE No. 4.i.28. 


• oi grain, and total transpiration per unit 

leaf-dry-weight, under Op. and L. V. conditions. 


(Mead of three years.) 



Wheat 

8 A. 

Wheat 9 D. 

% of 9 T). 



% of 


of 

on 8 A. 

Observation. Op. 

L. V. 

L. V. 

Op. L. V. 

L. V. 

Op. L. V. 



on 


on 




0]). 


Op. 


Per lgm. of 


of 

/o 


o' 

/O 

0 0/ 

/o 0 

leaf-drywt. of: 





• * 

1. Dry-wt. of 






plant (Gms.): 7.5 

8.8 

0 

117 

9.2 10.5 

114 

123 119 

2. Grain: (gms.): 2.7 

3.3 

122 

3.8 46 

121 

141 139 

3. Transpira¬ 






tion (kgms.): 3.4 

4.4 

129 

4.4 5.2 

118 

129 118 

Op. : Optimum soil moisture (13%) from 

sowing to harvest. 

L. V. : 

Lower soil moist 


(10%) tor abeut six weeks during the early growth stage. 


ure 


With goed moisture supply throughout 
(Op.) or even with reduced supply during 
the early growth of the plants (L.V.), 
leaves of wheat 9 D were relative’} 7 more 
efficient than wheat 8 A regarding both 
total dry-matter foimed and yield of 
grain; (refer actual values for 9J) and 8A. 
and also percentages of 91) on 8A); but 
wheat 9D transpired more water too per 
unit leaf-dry-matter than 8 A. 

Comparing the effect, of the lowered 
moisture supply (L.V.), relative to the 
optimum supply, on the two wheat types, 
it is seen that they differed little regard¬ 


ing their leaf-efficiency for dry-matter- 

) le c o f grain; (refer percen¬ 
tages ot LA \ on Op’ for the two types); 
but wheat 91), compared to wheat 8A, 
was able to cheek the total transpiration 
under the unfavourable conditions: the 
percentage values of L.Y. on ‘Op. ’ are 
118 (wheat 9 D) and 129% (wheat 8 A) 
for total transpiration per unit total leaf- 
dry-matter. 

The values of water repuirements on 
plant basis do not bring out the above 
details clearly; the figures (means of 3 
years) are : 



Wheat 
Op. L. V. 


Water requirement on plant. 470 484 


8 A. 


Wheat 

9 D. 

% L. V. 

on Oj). 

o P 

L. V. 

% of L. 
on Op. 

of 

103 

474 

488 

O / 

'O 

103 


the two levels of moisture supply. 
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Conclusions. 

Part IV. Sec. i. 

Studies were made on the influence of a 
reduction in the water-supply at different 
stages of growth of the important crop 
plants, on their transpiration, growth, 
maturity and water repuirements. The 
results lead to the following conclusions : 

1. Even a small reduction from the 
optimum water supply leads to a 
definite lowering of the transpira¬ 
tion and growth of the crop 
plants under study. 

2. A mild soil-drought occurring 
during the tillering stage of bajra 
and juar is helpful to their 
maturity although total growth 
is reduced. Wheat is not benefit- 
ted under similar conditions. 


3. The pre-earing stage of bajra, 
juar, and wheat is more suscepti¬ 
ble to adverse soil-moisture con¬ 
ditions than the post-earing stage. 
Thus the early varieties and the 
early maturing crops grow better 
in the locality, as their heading- 
out occurs before the advent of 
the post-monsoon drought in the 
case of the kharif crops, and of 
the early summer conditions for 
the rabi crops. Thus bajra Local 
(early type) is better than A. 1/3; 
similarly wheat 9D (early) is 
better than 8A. Comparing the 
crops, juar (late crop) is less 
suited to the local conditions 
than bajra (early). 

4. • The water requirements of the 
crops or their types are not 
altered appreciably by the smal[ 
reduction in water-supply. 


PART IV 

SECTION II. 


Effect of optimum 


(13%) and low (8%) soil w.ois/ure on 


Tran spirat ion a ml 


Water Requirements of crop plants. 


Introduction. 


In the experiments of Part IV. Section 
i., moisture-content of the soil in the pots 
was reduced from 13"., (optimum level) to 
10% at dfferen* stages of growth of the 
plants, to simulate unfavourable soil- 
moisture conditions met with in the 
locality. During the period, 1937-’40. t lie 
locality experienced, rather unusually, 
continuous drought conditions due to tin* 


failuer of rains, Crops in the field, parti¬ 
cularly in 1938-39, suffered from low 
moisture-supply almost throughout their 
life-period. Thus, in the present studies, 
moisture-content of the soil in one set of 
pots was maintained throughout at 8 . 
i.e., about 4% above the wilting coefficient 
of the soil. The other set. control, was 
maintained at the optimum level (13%.) 


Experimental Details. 

TABLE No. IV. ii. l. 


Details 

Crops and types 


Sowing date : 

Size of pot : 

Plants in each pot : 

Replications : 

Soil-moisture: 

One promising type of each crop was 
included in the trials. The experiment was 
conducted during the kharif and rabi 
seasons of two years. 

Results. 

(Statement IV. Figs. IV. ii. 1 & 2> 

Kharif experiments : 

Weather: In 1940. the rate of eva¬ 
poration from Piche’s eva- 
poriineter did . not exceed lOOoc. except 
during the 3rd week after sowing (108cc.), 
when the seedlings were gettingestablishe 1. 
Evaporation generally" remained below 
80ce. (5th week) and 19cc. (8th week). 
The season was mild. 


1940-41. 1941-42. 


Kharif. 

Rabi. 

Kharif. Rabi. 

Bajra 

Wheat 


Local: 

9 I); 

Same as in 

Juar 

Gram 

1940-41 

S. 21. 

l.P. 58 


29 6 

29 10 

26 6 29/10 



1 9 v " 1 

I 


m 

1 U'/ k 

i 


1 \\ U -—— 

XT/** ! 

i. Optimum (13’,) throughout : 

i. Low (8 

V)throng 

hout ; 


The kharif season of 19-11 experienced 
three drought periods < weekly evaporation 
above lOOcc.j: i. 4th anil 5th weeks 
(beginning of the stcui-elongation stage), 
ii. 10th week (about two w eeks after earing 
of bajra Local), and iii. 14th w eek (end of 
maturity period). Tims, the fluctuations 
in weekly evaporation were high. 

Bajra Local: 

Rate of transpiration : The course of 

transpiration in 
both the control (Op.) and the treated (L.) 
sets was fairly similar but the following 
points are worth noting :— 

L During the stem-elongation stage 
(4Lh to 8th week after sowing), the rate of 
increase in transpiration by the control 
was higher than bv tlie treated plants in 
both the years, more so in 1941. 
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TABLE No. IV. ii. 2. 


-—— ' V-' • T • ^ X • d— « 

Weekly rate of transpiration (mean per pot with two plants) and evaporation. 

/ ^ /-v 11 ' .1 /~V -* rv r\ - T /-\ —. \ 


(tSoil moisture : Op. = 13%; L = 8%) 


Year. 

Week after 

Transpiration. 

Evaporation. 


sowing. 

• 

Ph 

O 

i 

I 

L. 



• 

gins. 

gms. 

c.c. 

1940 

5th 

579 

238 

18 


6th 

2208 

585 

27 


7th 

3621 

647 

46 

19 41 

4th 

919 

318 

127 


5th 

3121 

749 

148 


6th 

4158 

987 

90 

• 


Growth apparently was slower in the 
treated plants (L : low' soil moisture—8%- 
throughouth It is more evident in the 
second year, when earing was delayed by 
two weeks in the treated set compared to 
the control. 

2. In the first year, the control (Op.) 
plants transpired comparatively heavily, 


due apparently to mild weather conditions 
which favoured growth. In the second 
year, their rate of transpiration was fairly 
low from the 7th week after sowing. The 

difference between the control and the 

treated set is brought out clearly by the 

maximum rate of transpiration reached 

by both the sets in the two years. 


TABLE NO. IV. ii. 3. 

Maximum weekly rate of transpiration by Bajra Local. 


Year. 

‘ Optimum. ’ 

(Op.) 

‘ Low. ’ 

(L.) 

% of L. on Op. 


gms. 

gms. 

of 
/0 

1940 

i 

8439 

2673 

32 

V 

1941 

529 5 

3354 

63 

The control plants 

seem to have suffered 

more than the 

treated plants during the 


second year. 




Total transpiration: The t reated plant s 

transpired alto¬ 
gether less than the control plants, parti¬ 
cularly in the first year. The percentage 
values for the treated set on control are 
31% and 51% during 1940 and 1941 res¬ 
pectively. The latter value is higher due to 
the large reduction in actual total trans¬ 
piration by the control plants under 
adverse weather conditions In 1941. The 
results show that (i) with good moisture 
supply, bajra Local transpired heavily 
under favourable weather conditions, but 
the transpiration was reduced by less 
growth under adverse weather conditions : 


(ii) with the low soil moisture, transpira¬ 
tion was apparently less affected by the 
weather conditions. 

1 try matter formed and yield of grain: 

Dry-matter-formation was affected in 
the same way as total transpiration. The 
difference due to the treatment was greater 
in 1940 than in 1941, chiefly because the 
control plants were less vigorous in 1941 
than in 1940. 


The figures for yield of 
below : 


grain 


are given 


TABLE NO. IV. ii. 4. 

Yield of grain by Bajra Local. 
(Mean per pot in gins.) 


Year. 

Optimum (Op.). 

Low (L.). 

% of L on 


Gms. 

Gms. 

( i 

/ o 

1940. 

50.9 

10.1 

32 

1941. 

14.9 

11.3 

70 

% of 1941 

over 



1940: 

29% 

70% 



Yield variation for the control set was 
quite high during the two years compared 
to that of the treated set. The yield was 
tlso lowered by the reduced moisture 

supply. 


Lne following table gives the inter-re¬ 
lationship between the total leaf-dry- 
mitfer, yield of grain, dry-weight of plant 
and total transpiration of the control and 
the treated sets in the two years : 



TABLE No. IV. ii. 5. 

Relationship between total dry-weight of leaves, and of the plant, 
yield ol grain, and total total transpiration by Bajra Local. 


Observation 


Per 1 gm. of leaf-dry--wt. : 

Grain (gms.): 

Transpiration (kgms ): 

Per 1 gm. of grain : 

* Transpiration (kgms.) : 

Per 1 gm. of plant-dry-wt. 

' Transpiration (kgms.): 

These values are simply water requirements on ‘leaf’, grain, and on ‘plant ’ 
basis, but expressed in kgms. 


Op. 

1940 


1941 

L. 

^ ^ ^_ m ^ _ 

Op. 

L. 

1.8 

1.8 . 

0.9 . 

1.1 

1.90 

1.81 

2.35 

1.91 

1.02 

1.05 

2.80 

1.70 

0.28 

0.29 

0.45 

0.37 


With mild weather as in 1940, there was 
practically no difference between the con¬ 
trol and the treated set for the different 
‘ ratios \ In 1941 which was/haracterised 
by dry weather at three times during the 
life-period of the plants, the differences 
due to the treatment are obvious. More 
grain was formed per unit leaf-dry-matter 
in the treated set than in the control. 
Less water was transpired by the treated 
plants per unit yield of grain than bv tin? 
control. 

Thus, the following conclusions can be 
drawn from the above results : 

1. Growth and maturity of bajra 
Local were better with mild 
weather and with optimum (l3‘o) 
soil moisture than when either of 
the two environmental factors or 
both were unfavourable. How¬ 
ever, adverse weather conditions 
(1941) were apparently more 
harmful than the low moisture 
supply (8"{,). The ‘Optimum* 
soil moisture (13'i) might be 
actually below the optimum re¬ 
quirements of the plants under 
the weather conditions ot 1911. 


2. Leaf-grain efficiency (Grain Leaf) 
was more influenced by weather 
conditions than by water-supply, 
t he ratio being better in 1940 than 
in 1941. With adverse weather 
(1941), the efficiency was slightly 
better with the low moisture 
supply than with the optimum. 

3. ‘ Leaf-transpiration* efficiency, as 
indicated by the value, total 
transpiration (kgms.) per Igm. 
of total leaf-dry matter, was only 
slightly affected by the soil mois¬ 
ture, when the weather was mild 
as in 1940; the difference was 
small between the values tTrans¬ 
piration/Leaf) for the optimum 
and the low soil moisture, i$ut 
the efficiency was lowest (i.c.,liigh 
ratio) with the optimum soil 
moisture in 1941 (the dry year): 
the ratio was 2.35 compared to 
1.91 with the low soil moisture 

in the same year. j 

4. The water-economy of the plant 
in relation to grain-formation 
(grain-transpiration ratio or water 
requirement on grain) or oven to 
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the dry matter formed in the 
plant (water requirement on 
plant) was comparatively the 
lowest (high ratios) under adverse 
weather conditions and with the 
low soil moisture ($%). 

JUAR 

Experimental details are the same as 
for bajra and are given in Table No. IV. 
iiJ. It may be noted that maturity of 
juar in tlie field under local conditions is 
generally defective. 

Rate of transpiration: It was maintain¬ 
ed throughout at 
a much higher level by the control plants 
(Oj). set) than by the plants receiving the 
low water-supply (L. set). The difference 
between ths two sets was greater in 1940 
than in ; 941, a drought year The maxi¬ 
mum rate of transpiration attained by the 
treated plants was only 37% and 40% of 

the control set in 1940 and 1941 respec¬ 
tively. 


Total transpiration: Plants of the con¬ 
trol set transpired 
altogether 56.3 kgms. and 52 3 kgms. 
(mean per pot with two plants) in 1940 
and 943 respectively. The treatment 
resulted in about 50% reduction in the 
two years, the actual values being 47%, 
(1940) and 50", (1941) of the respective 
controls. 

Other observations: 

Reduction in dry matter due to the 
treatment (L.), in both the years, was 
comparatively less for ‘leaves’ than for 
‘ shoot ’ or for the whole plant. The treat¬ 
ed set was more adversely affected by 
weather conditions in the drought year 
(» 94 1 ) than the control set. 

Comparing the yields of grain in the 
two years, the control (Op ) was more 
adversely affected than the treated set 
(L.), by the dry weather of 1941 as indi¬ 
cated by 1 he following data: 


TABLE No. IV. ii. 6, 
Yield of grain by Juar 8. 2 . 



Observation. 


• 940. 


Yield of grain in gins, 
per pot : 

Percentage of L. on Op.: 
Percentage of 1941 on 1940: 


1 94 I. 


Op. 

L. 

Op. 

L. 

40.6 

5.6 

18.3 

3.8 

LOO 

14 

100 

21 

.00 

100 

45 

68 



The yield was more influenced by the soil moisture than by the 

it.innc J v 


conditions. 


weather 


The result e on leal-to- 


6rain ,atio U]] d on water requirements are summarised: 


TABLE No. TV. ii. 7. 


Relationship betwen dry-weight of leaves, of plant, yield of grain and total 

transpiration by Juar S. 21. 


Observation. 

1940 

• 

1941. 


Op. 

L. 

Op. 

L. 

Per lgm. of leaf-dry-wt.: 

Yield of grain (gms.): 

1.2 

0 

*0.2 

0.5 

*0.2 

Transpiration (kgms.): 

1.70 

0.93 

1.49 

1.45 

Total transpiration (kgms.): 

Per lgm. of grain : 

1.24 

*4.68 

2.86 

*6.82 

Per lgm. of plant : 

0.26 

0.25 

0.21 

0.31 


* These figures which are almost the same as water requirement on grain, 
were omitted in the main statement as grain-maturity was erratic. They 


are included here for comparison. 

Leaf-to-grain ratio was affected both 
by the soil moisture and the weather con¬ 
ditions, more so, by the former than by 
the weather. But, for the low level of 
soil moisture (L.), the ratio (0.2) remain 
ed the same whether the weather was 
mild as in 1940 or dry as in 1941 Leaf- 
grain efficiency was highest in 1940 under 
optimum soil moisture. 

Leaf-transpiration efficiency was best 
with the low soil moisture in 1940, as in¬ 
dicated by the low value, 0.93, while the 
efficiency was poor (1.70) with the opti¬ 
mum soil moisture. In J 941 (dry year), 
both the control and the treated plants 
showed almost the same efficiency. 

Water economy of the plant in relation 
to grain-formation was affected both by 
water-supply and by the weather condi¬ 
tions, apparently to a greater extent by 
the former. The order in economy, accor¬ 
ding to merit, is; 

1 40 Op> 1941 Op> 1940 L> 194! L. 

(1.24) (2.86) (4.68) (6.82) 

Water economy regarding dry-matter 
formed in the whole plant showed the 
/east disturbance, compared to the above 


ratios, by either the weather conditions 
or by the w r ater-supply. 

Comparison between Bajra Local and 

Juar S.21. 

Total transpiration: With optimum 

moisture supply, 
tlie dry weather of 1941 w r as more effec¬ 
tive in reducing the total transpiration by 
bajra than by juar. 

Dry matter formed : Low moisture sup¬ 
ply, (8%), compar¬ 
ed to the optimum supply (13°<), checked 
the formation of leaf-chy-matter to a 
greater extent in bajra than in juar, in 
the mild year; the effect was slightly 
reversed in the dry year (1941). With 
optimum moisture supply, weather condi¬ 
tions were more effective in influencing 
the leaf-development in bajra than in 
juar. 

The infill* nee of the treatment and of 
the weather conditions on shoot and on 
whole plant of bajra and juar were fairly 
similar to that noticed on leaves. 

Leaf-to-grain ratios of bajra and juar 
indicate that : 

1*2 


i. bajra, in general, showed higher 
ratios than juar, indicating 
greater leaf-efficiency for bajra, 
and 

ii. the soil moisture influenced to a 
greater extent the leaf-grain 
efficiency of juar than of bajra. 

The leaf-transpiration efficiency (water 
requirement on leaves) was generally 
better (i.e., lower water requirement on 
leaves) for juar than for bajra. 

With optimum soil moisture, grain- 
transpiration efficiency (indicated by water 
requirement on grain) was almost the same 
for bajra and juar in both the years. Low 
moisture supply was definitely more harm¬ 
ful to juar than to bajra in both the years. 

Though, with mild weather as in 1940, 
the plant-transpiration efficiency (indicated 
by water requirement on plant) was nearly 
the same for both bajra and juar irres¬ 
pective of the soil moisture, the water- 
economy was better (lower values for 


water requirement on plant) for juar than 
for bajra in the dry year, 1041. 

Juar tended to become more vegetative 
than bajra under the experimental condi¬ 
tions, with comparatively poor grain- 
formation ; but juar showed a greater 
efficiency for ‘ leaf-transpiration ’ and 
' plant-transpiration under dry weather 
conditions than bajra. 

Rabi crops- (Wheat and Gram). 

Experimental details have already been 
explained in the Table No. IV. ii. 1." 

Results. 

Weather : In both the years, 1940-41 

and 1941-42, weather con¬ 
ditions as indicated by evaporation ap¬ 
peared similar; the weekly evaporation 
never went beyond 80c*.c. in both the years, 
till the 19th week after sowing, when the 
weather became dry. But growth and 
maturity of plants during 1941-42 were 
much less than in 1940-41. It was 
apparently due to the occurrence of cloudy 
days in 1941-42 as shown below: 


TABLE IV. ii. 8. 

Hours of sunshine, (week by totals) 



Week after sowing. 

1940-41. 

7th week 

62 

12th, 13th, 14th: 

52 

(mean per week) 


16th week. 

62 

1 7th week. 

68 


Maximum temperatures were also lower 
by 7° to 9 *F. in 1941-42 than in 1940-41 
durmg the 17th, the 18th, and the 19th 
week after sowing (grain-maturing stage). 

Wheat 9 D. 

Rate of transpiration : Weekly trans- 

pi r a t i o n by 
wheat plants, with optimum soil moisture, 

15 


1941-42. 

Growth stage. 

42 

beginning of 


stem-elongation. 

46 

pre-earing. 

51 , 


48 i 

earing. 


was greater in 1941-42 than in 1940-4 1 

till the 11th week after sowing. The lower 

rate of transpiration in 1941-42 from the 

12th week onward coincided with the 

cloudy days during 12th, 13th and 14th 

weeks. The rate, later on, did not recover 
to the level of 1940-41. 

The course of transpiration by wheat 
plants of the treated set was similar tu 
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that of the control in both the years. But, 
the rate by the treated set was at a lower 
level than by the control. The maximum 
rate of transpiration by the treated set 
was only 66% in 1940-41 and 83% in 
1941-42 of the respective controls. Due 
to unfavourable weather conditions during 
1941-4 2, already explained, the rate of 


transpiration by the control set was at a 
lower level in 1941-42 than in the previous 
year from the 12th week after sowing. 

Other observations : 

Results on total transpiration and yield 
of grain are summarised : 


TABLE NO. IV. ii. 9. 

Total transpiration and yield of grain (Wheat 9 D). 

(Mean per pot with 2 plants). 


Observations. 

1940- 

•41. 

1941- 

-42. 

Op. 

L. 

Op. 

L. 

Total transpiration (kgms) 

49.0 

29.2 

30.7 

14.8 

% of L. on Op. 

100 

60 

100 

48 

Yield of grain (gms.) 

57.6 

35.7 

26.0 

16.9 

% of L. on Op. 

100 

62 

100 

65 


Op: Optimum soil moisture (13%,); L: Low soil moisture (8%). 


Compared to the control (Op.) the treat¬ 
ment (L.) resulted in a reduction in total 
transpiration to 60% in the first year and 
to 48 V, in the second year, while the yield 
of grain was lowered to 62% and 65% in 
the two years respectively. 

Weather conditions of 1941 —42 affected 
adversely both the total transpiration and 
yield of grain by the control as well as the 
treated plants. The yield of grain in 
l94i-’42 was less than 50% of that in 


1940-’41, both for the control and for the 
treated set. 

Dry weight of leaves, shoot and whole 
plant behaved in a similar way to the 
treatment and to the weather conditions, 
as the grain. 

The relationship pet ween the dry-weight 
of the leaves, of the whole plant, grain- 
yield and total transpiration is brought 
out by the figures given below: 


TABLE NO. IV. ii. 10. 


Relat : onship between dry-weight, grain-yield, and total transpiration by Wheat 9 D. 


Relationship. 

1*40 

-41. 

1941 

-42. 


Op. 

L. 

Op. 

L. 

Grain (gms.) /‘Leaf* (gms.) 

3.3 

4.2 

3.0 

4.0 

Transpn. (kgm) /‘Leaf’ (gms) 

2.8 

3.4 

3.5 

4.2 

„ /‘grain’ (gms) 

00 

• 

o 

0.82 

1.18 

0.89 

,, /‘plant’ (gms) 

0.34 

0.35 

0.39 

0.37 


The last 3 items are W. R. on leaf, grain, & plant in kgins. 
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In both the years, the leaf-grain effi¬ 
ciency was better with the low soil mois¬ 
ture than with the optimum; the leaf- 
transpiration efficiency was. however, 
better with the optimum soil moisture 
(lower values for the W. R.) than with the 
low soil moisture. Weather conditions ol 
1941-42 adversely affected the ratios o 
both the control and the treated sets 
when compared with the ratios of 1940-4 J 

Under favourable weather conditions as 
in 1940-41, grain-transpiration efficiency 
was scarcely affected by the soil moisture, 
while in 1941-42 (cloudy weather) it was 
slightly better with the low soil moisture 
than with the optimum. 

Neither the weather conditions nor the 
variations in moisture-supply influenced 
appreciably the plant-transpiration effi¬ 
ciency. 

The following conclusions can be drawn : 

1. Growth and maturity of wheat 9 
D was susceptible’to cloudy days 
and low temperatures during the 
stem elongation stage and at the 
grain-setting time; a similar 
adverse effect was seen with the 
low moisture-supply too. 

2. The amount of foliage and the 
yield of grain were generally less 
yith the low moisture supply 
than with the optimum : but the 
grain-yield per unit ^af-dry- 
v eight was greater with the low 
moisture supply than with the 
optimum. 

3. Under either the unfavourable 
weather conditions or the low 
moisture-supply or both, trans¬ 
piration per unit dry-weight of 
leaf was relatively high. 

Under unfavourable weather con¬ 
ditions, the water-economy of the 


plant in relation to grain-forma¬ 
tion was slightly better with the 
low moisture-supply than with 
the optimum. But water-economy 
of the plant as a whole was 
scarcely affected by the weather 
conditions or variation in water- 
supply or both. 

Gram I. P. 58. 

The experimental details are given in 
Table No. IV. ii. 1. 

Growth and maturity of gram were 
better in 1940-41 than in 1941-42, but 
only when the moisture-supply was opti¬ 
mum; even so, the rate of transpiration 
by gram was at a lower level in 1940-41 
than in 1941-42, till the plants were about 
11 weeks old. Later on, the rate was 
higher in i 940-41. 

With the low moisture-supply, the rate 
of transpiration was far behind the rate 
under the optimum moisture-supply, to a 
greater extent in the first year than in the 
second. 

The maximum weekly rate of transpir¬ 
ation reached by the plants receiving low 
water supply was only 24 0 o in 1940-41 
and 35 V in 1941-42 of the respective rates 
under the optimum water-supply. 

Total transpiration as well as dry- 
weight of leaves, etc., were much lower 
with the low moisture supply than with 
the optimum in both the years; the reduc¬ 
tion was more in the first year than in the 
second. With the low water-supply, total 
transpiration and dry-weight of leaves, 
etc., were better in 1941-42 (the ‘cloudy’ 
year) than in 1940-41. 

Yield of grain with the low water-supply 

was only 22% of that with the optimum 

supply in 1940-41; while it was 44% in 
1941-42. 


4 . 



TABLE IV. ii. 11. 

Relation between' dry-weight, yield of grain and total transpiration by Gram I. V. 58. 


Relationship. 

1940- 

-41. 

1941- 

-42. . 

Op. 

L. 

Op. 

L. 

Grain (gms)/‘ Leaf ’ (gins) : 

1.7 

1.4 

2.1 

1.8 

Transpn. (kgms)/ 4 Leaf * (gms): 

1.87 

1.21 

2.62 

2.72 

Grain (gms): 

1.11 

0.95 

1.22 

0.98 

* •> ,, / £ Plant ? (gms): 

0.41 

0.37 

0.50 

0.41 


hSame as Water requirement but in kg ms. 


In both the years, the values tended to 
become lower with the low moisture- 
• su PPty 5 the differences were small except 
for the leaf-to-transpiration ratio, which 
would indicate that less water per unit 
dry-weight of leaves was transpired with 
the low moisture-supply than with the 
optimum. 

Irrespective of the variation in water- 
supply, the ‘bad’ weather of 1941-42 
resulted in a slight increase in the values 
compared to those of 19-4 0-41. 

Comparison between wheat and gram. 


Discussion. Part IV Section ii. 

The experiment was conducted during 
two years with two crops, bajra Local and 
juar S. 21, during the kliarif season, and 
two crops, wheat 9 D and gram I. P. 58, 
during the rabi season of each year. 

The kharif and rabi seasons of the first 
year (1940-41) were favourable to growth 
of the plants as the seasons were mild. Jn 
1941-42, the kliarif plants experienced 
three spells of dry weather while cloudy 
wea ther proved harmful to the growth of 
the rabi plants. 
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Total transpiration by gram was 
reduced to a greater extent than 
that by wheat under adverse 
conditions of water-supply. 

Growth and maturity of gram 
were generally poorer than oi 
wheat; but under adverse weather 
conditions (1941-42) and with 
low water-supply, gram fared 
comparatively better than wheat. 

Leaf-grain efficiency was in gene¬ 
ral better for wheat than for 
gram; with low water-supply, 
gram-suffered while wheat fared 
better. 

With low water-supply, leaf-trans¬ 
piration efficiency of wheat suffer¬ 
ed while that of gram improved. 

Grain - or plant-transpiration 
efficiency of gram and wheat was 
only slightly lowered by reduc¬ 
tion in water-supply. 


Two levels of moisture supply, i. opt imum 
supply (13 o soil moisture on oven-dry 
basis) and ii. low supply (8 i.e., about 

4;o above the wilting coefficient) were 
maintained from sowing to harvest. More 
levels of moisture-supply were not attem¬ 
pted as studies on the soil-moisture- 
distribution in the pots indicated (refer 

Part XT) a larger variation with lower 
levels of soil moisture. Higher levels than 
the optimum supply were not tried, as 
such conditions are seldom met with in 
dry-farming areas. 


Several workers studied the problem 
with different crop plants. It is surpris¬ 
ing to note that some of them maintained 
numerous levels of moisture-supply. r I° 
quote only a few, Kiesselbaeh ( 1910 ) 

studied five levels within the ‘available 
soil-moisture-range of 26.5 u t . He used 
large pots, each with 125 kgms. of soil 
and adopted the ‘spiral-tube 5 technique 
for watering. He assumed uniform distri¬ 
bution of the soil-moisture though data for 


the same were not given. Singh arid 
Singh (1936) tested twelve levels within 
the available range of 34.7% ; their studies 
extended for one year only. Martin (1940) 
tried four levels within the available range 
of about 11%. Bailey (1940), however, 
tried only two levels, i. optimum supply, 
and ii. above the wilting coefficient, as he 
was interested in estimating the drought- 
resistance of three fodder grasses. He 
adopted the ‘sand-layer’ technique for 
watering the pots. A detailed discussion 
of the techniques adopted for watering 
the soil in pots and the distribution of 


soil-moisture is dealt with in Part XI of 
the present studies. 

Rate of transpiration 

Weekly transpiration hy the four crop 
plants, bajra, juar, wheat and gram, was 
similarly influenced hy the lower supply of 
soil-moisture, when compared with their 
respective controls. The curves for tran¬ 
spiration by the treated sets (with low 
moisture-supply) followed the same con¬ 
tour as the controls hut remained at a 
much lower level. 


TABLE No. IV, ii. J 2. 

Maximum weekly rate of transpiration by bajra, Juar, Wheat and Gram. 


(Percentage of treated—L.—on control-Op.) 


Crops. 

1940 41. 

1 94 L 42. 

Kharif crops: 


o 

Bajra Local: 

32 

63 

Juar 8. 21 : 

37 

46 

Rabi crops : 



Wheat 9 D : 

66 

83 

Gram 1. P. 58 : 

24 

35 

Weather : 

Favour.! Mo. 

1 n favourable. 


Op.: Optimum moisture-supply (13% soil moisture). 


L. : Low 


In a normal season (1940-41), bajra and 
juar suffered equally (i.e., transpired less) 
with the low moisture-supply, the maxi¬ 
mum rate of transpiration by the treated 
set was only one-third of the control : 
among wheat and gram, the latter suffered 


most. Under unfavourable weather co 
ditions (1941-42) bajra fared better (63; 
ie., transpired relatively more, than ju< 
(46g), when the moisture-supply was Ioa 
U nder similar conditions, wheat was be 
ter (83%) than gram (35%). 


That the rate of transpiration is closely 
related to moisture-supply has been poin¬ 
ted out by the other workers, but the 
influence of the weather 
discussed. 


w a s 


not 


Total transpiration dry-matter, 

& grain-yield. 

The figures lor the four crop plants arc 
summarised as percentages of the treated 
(L.) on the controls (OP.). 


TABLE No. IV. ii.13. 

Total transpiration, dry matter, and grain-yield by Bajra, Juar, Wheat, and Gram. 

(Percentage of treated, L., on control, Op.) 


Crops. 

°o of L. 

on O}). 

% 

of 1941- 42 

1 . 

1940 -41. 

1941-41 

on 

1940 41. 


; i 

O/ 

. O 

Op. 

O/ 

/O 

/ 

L. 

of 

/o 

Total transpiration: 

Kharif crops : 

Bajra Local : 

3! 

51 

72 

118 

Juar 8. 21 

47 

50 

93 

99 

Rabi crops: 

Wheat 9 D : 

00 

48 

63 

51 

Gram I. P. 68 : 

19 

34 

83 

149 

Total dry-matter: 

Bajra Local: 

30 

62 

45 

94 

Juar S. 21 : 

48 

40 

84 

80 

Wheat 9 D : 

60 

52 

55 

47 

Gram I. P. 58 : 

21 

42 

69 

J 36 

Yield of grain : 

Bajra Local : 

32 

76 

29 

70 

• 

Juar 8. 21 : 

14 

21 

45 

68 

Wheat 9 1) : 

02 

05 

45 

47 

Gram I. P. 58 

22 

44 

73 

145 


The genera] trend of the response of the 
four crop plants regarding total transpira¬ 
tion, etc., to the low moisture-supply, 
compared to the optimum suppty. is simi¬ 
lar in the good (1940-41) and the bad 
year (1941-42). 

In 1940-41, with the reduced moisture- 
supply, juar 8.21 gave only 14"’ u grain, 
relative to the optimum supply, compared 
to 32 by bajra Local, though the former 
(juar) produced more total dry matter ; 
gram suffered more than wheat 9 I) regar¬ 
ding total dry-matter and yield of grain. 

In the ‘bad 5 year, 1941-42, a similar 
effect was observed on the four crop 
plants as a result of the low moisture 


supply; but the differences between the 
two crops of each season, kharif or rabi, 
were less than in the previous year; more¬ 
over, growth of juar S 21 (as indicated by 
the total dry-weight) was apparently more 
adversely affected than bajra Local b} r the 
low moisture-supply, in 1940-41, bajra 
suffered more than juar. 

It is necessary to examine the percent¬ 
ages of Op. and L. of 1941-42 (the bad 
year) over the respective values ot 1940 
41 (the good year) to understand cleaih 
the effect of the moisture-supply in rela¬ 
tion to weather conditions on growth and 
and maturity of the four crop plants. The 
values given in the third and the fourth 
columns of the above table indicate : 
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1. Irrespective of the moisture- 
supply, growth and maturity of 
the four crops, except gram with 
the low moisture-supply, were 
adversely affected by the un¬ 
favourable weather conditions of 
1941-42. 

2. With optimum moisture-supply, 
bajra suffered more than juar 
during the bad year ; wheat, 
more than gram. 

3. With the low supply, the differ¬ 
ence between bajra and juar was 
small, while the growth and mat¬ 
urity of gram were definitely 
better in the bad year than in 


the favourable year ; with low 
moisture-supply, gram actually 
yielded 3 0 gms. (per pot with 
two plants) or 45 . more grain in 
1941-42 (the bad year) than in 
1940-41. 

I o investigate, under the present expe¬ 
rimental conditions, the relative import¬ 
ance of the moisture-supply and of the 
atmospheric environment with regard to 
the yield of grain by the crop plants, ave¬ 
rages ol the percentages lor 1940-41 and 
194 1-42 (mean ot the first and the tecond 
columns of the table IV. ii. 13) and mean 
of the percentages for Op. and L. (third 
and fourth columns* are tabulated : 


TABLE No. lV.ii.14. 


Influence of weather and moisture-supply on yield of grain. (Details of 

calculation given above). 



Due to 


Bajra Juar Wheat 

Local. S. 21. 9 T). 


Gram 
I. P. 58. 


( F 


Low moisture-supply : 
Unfavourable weather: 


54 

49 


18 
o / 


04 

4l) 


O/ 

O 


33 
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Bajra Local was equally affected by the 
moisture-supply and by the unfavourable 
weather; juar suffered more under the 
former condition than under bad weather. 

Among the two rabi crops, wheat 9D 
was less affected by the moisture-supply 
than by the weather; gram was adversely 
affected more than wheat, by the reduced 
moisture-supply ; but it is interesting to 


note that the adverse weathej 
the gram plants. 


benefit ted 


Ibe interaction between the two factors 
moisture-supply and the weather, has 
already been discussed in detail. 

II a ter requirements. 

% 

The values on grain-basis and on whole 
plant are summarised for the four crops. 


TABLE NO. IV. ii 15. 


Water requirements of ba.jra Local, juar «. 21, wheat 9 I), and gram I. P. 58. 

(Mean of 5 replications) 


W. R. 

Year. 

Soil-moisture. 

Bajra 

Juar 

Wheat 

Gram 

on 




Local 

S. 21 

9 D 

T. P. 58 

Grain : 

1940-41. 

Op. 

(13°„) : 

1020 

1243 

851 

1108 




S. E. + 

35 

247 

21 

85 



Low 

(«*•) : 

104C 

4679 

818 

954 




S. E. + 

146 

? 

• 

8 

64 


1941-42. 

Op. 

(13°,.) : 

2802 

2858 

1184 

1223 




S. E. + 

450 

? 

• 

46 

31 



Low 

( 8 °.,) : 

1697 

6816 

890 

984 




S. E. + 

164 

• 

18 

69 

Plant : 

>940-41. 

Op. 

113%): 

281 

258 

344 

414 




S. E. + 

8 

8 

O 

17 



Low’ 

(8°,.) : 

292 

24 8 

34 5 

367 




S. E. + 

5 

6 

l ' 

15 


1941-42. 

Op. 

(1 3%): 

449 

2 7 

393 

4 95 



S. E. + 

8 

4 

14 

6 



Low 

( 8 "„) : 

367 

307 

366 

405 




S. E. + 

12 

5 

5 

19 


Op.: Optimum moisture-supply (13% soil moisture). 

Low: Low moisture-supply ( 8 ?*, soil moisture). 


The values on grain for bajra and juar 

were higher with the low moisture-supply 

than with the optimum in 1940-’41 ; the 

difference was higher for juar than tor 

bajra. Due to the high standard errors, 

the differences are not significant. The 

response to the low moisture-supply by 

the rabi crops, wheat 9D and gram I.P. 08 

was just the reverse; the values were 

lowered bv the reduction in the moisture- 

« 

supply, particularly in the bad year; in¬ 
spite of the low standard errors (less than 
5% in most of the cases), the differences 
were significant in only one case in 1941- 
’42 : wheat 9D : Optimum moisture- 
supply = 1184 + 46; low moisture-supply 

= 890 + 18. The standard error of the 

difference between the means amounts to 
49 which is less than one-third of the ac¬ 
tual difference (294). 


The results for grain thus indicate: 

1. The water-economy of the kharif 
crop plants, particularly juar, 
with respect to their yield of 
grain was apparently adversely 
affected by the reduction in mois¬ 
ture-supply; more so, under un¬ 
favourable weather conditions. 

2. The water-economy of wheat and 
gram (the rabi crops) improved 
wit h the reduced moisture-supply. 

;i. But the differences due to the 
low moisture-supply were rarely 
statistically significant due to the 
high standard errors for the kha¬ 
rif plants and to their small mag¬ 
nitude for the rabi plants, 
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Water requirement on plant basis was moisture are expressed as percentages on 
affected less than that on grain by the low 

moisture-supply. The values for the low t ie re8 P ectlve controls : 

TABLE NO. IV. ii. 16. 

Water requirement on plant basis. 

(% of values for low soil-moisture on the optimum.) 


Year. 

Bajra 

Local 

O 

o 

0 

Juar 

S. 21 

o' 

11 

Wheat 

9 D 

0 / 

Jo 

Gram 
J. P. 58 

O / 

/o 

194.0-41 

104 

96 

101 

89 

1941-42 

82 

107 

03 

82 


The apparent influence of the low mois¬ 
ture-supply on the water requirements of 
the four crop plants during the favourable 
year, 1940-’41, is not supported by a sta¬ 
tistical analysis of the data; however, in 
1941-’42, the bad year, the differences 
between the means for optimum and fol¬ 
low supply are statistically significant for 
all the four crop plants except wheat 9D. 

Thus, it can be concluded : 

1. Under favourable weather condi¬ 
tions as in 1940-’41. the low soil 
moisture did not alter the water 
requirements (on plant) of the 
four eroj) plants, obtained when 


grown with the optimum mois¬ 
ture. 

2. In a bad year, l941-'42, the 
water requirements of bajra and 
gram were lowered by the low 
moisture supply to 82°., of the 
respective values under the opti¬ 
mum supply, while that of juar 
was raised to 107% of the control 
(Op. set). 

Kiesselbaeh (1916) obtained the follow¬ 
ing mean values for water requirements of 
maize with different levels of moisture- 
supply. 


TABLE NO. IV. ii. 17. 

Water requirements of Maize (Kiesselbaeh, 1916) 



Observation. 


Soil-moisture-contentof water- 
holding capacity: 


W. R. on plant : 

Probable error+ 

His conclusion that the water require¬ 
ment is lowered with the lower moisture 
supply is not full} 7 borne out even by his 
lesults. The probable error is approxi¬ 
mately two-thirds of the standard error. 


35% 

45/o 

60% 

80% 

1001,, 

/ 

253 

220 

239 

262 

290 

17 

7 

10 

7 

4 

Thus 

the differences 

between 

the values 


cannot be statistically significant except, 
between the lowest value, 229, and the 
highest, 290, 


10 
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Bailey (1940) studied the water require¬ 
ments of two species of Agropyron and 
one of Bromus, grown with optimum and 
low (above the wilting coefficient) levels 
of soil moisture. The values for the low 
moisture supply were significantly lower 
than for the optimum supply for the three 
grasses. However, the experiment was con¬ 
ducted for one year only. Martin (1940) stu¬ 
died in one of his experiments four levels of 

initial soil holards, 11%, 141 ', 17%, and 

20 °> ( fie | d capacity; 18%; wilting coeffi¬ 
cient ; 7%) on the water requirement of 
Helianthus annus. No further watering 
was done and in this respect, the experh 
ment differs from the present studies. He 
did not observe any alteration in the 
water requirement due to the different 
levels of moisture supply even when the 
experiment was repeated. 


Tn India, similar studies were carried 
out by Leather (1910) and Singh and 
Singh (1936). As consistent results were 
not obtained, Leather concluded that the 
soil moisture content had no influence on 
the water requirements of maize and 
wheat. On the other hand, Singh and 
Singh, who maintained twelve levels of 
soil moisture, concluded that the water 
requirement (on plant) of wheat gradually 
increased from 424 to 780 with increase 
in moisture-supply from 25% to 100% of 
the water-holding capacity of the soil. 
The conclusion was based on the results 
of one year, and the plants were gene¬ 
rally poor in growth, as the dry-weights 
of 2-month old plants ranged between 
2.0 gms. and 8.4 gms. for the different 
levels of moisture-supply. 


The results of the present studies point 
out that, under favourable weather condi¬ 
tions, the water requirements on plant of 
bajra, juar, wheat and gram were not 
altered significantly by the low level of 
moisture-supply; how’ever, under unfavou¬ 
rable weather conditions, the values were 
significantly lower for bajra and gram, 
and higher for juar, with the low' moisture- 
supply than with the optimum supply. 
The results, thus, are not in complete 
agreement with those of Kiesselbach, 


Bailey, and Singh and Singh. But it may 
be noted that weather conditions influ¬ 
ence the water requirement to a greater 
extent than the soil moisture, and also, 
the influence of the weather may not be 
similar on the water requirements of 

plants grown with optimum and low levels 
of moisture-supply. 

Part IV Section ii« 

Sumnury and conclusions 

The influence of optimum (13% on oven- 
dry basis) and low^ (8%i.e., about 4% above 
the wilting coefficient) soil moisture on 
transpiration and water requirements of 
bajra and juar (kharif crop plants) and 
wheat and gram (rabi plants) was studied 
during 1940-41 and l94l- , 42. The two 
levels of moisture-supply were maintained 
throughout the life-cycle of the plants. 

The’ kharif and the rabi season of 

1940- 41 experienced mild weather, favou¬ 
rable to the growth of the crop plants 
under study. But the kharif season of 

1941- 42 was characterised by three spells 
of dry weather; cloudy w r eather during the 
rabi of the same year affected the growth 
and maturity of wheat and gram. 

The weekly rate of transpiration by the 
four crop plants was lower with the low 
level of moisture-supply than with the 
optimum supply, though the march of 
transpiration in the two cases (optimum 
and low r moisture supply) followed the 
same course. 

Total transpiration, total dry-matter in 
the plant and yield of grain were lowered 
by the low moisture supply. The effect 
varied w'ith the crop and also with the 
weather conditions. 

Under mild weather conditions (1940-41) 
compared to growth under optimum 
moisture supply, growth of bajra was 
reduced relatively to a greater extent 
than that of juar, when the moisture 
supply w as lowered; the percentage reduc¬ 
tion in the total dry-matter due to the 
low moisture supply (compared to the 
optimum supply) was 70% for bajra and 
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52% for juar. Gram, when compared to 
wheat, behaved in a similar way, as bajra 
to juar, the figures for gram and wheat 
being 79% and 40% respectively. But in 
a bad year (1941-42) with three spells of 
drought during the growth period of the 
kharif plants, the reduction in total dry- 
mattei ol bajra, due to the low moisture 
supply, was only 38% compared to 54% 
lor juar. The results indicate that the 
growth of bajra is more susceptible to the 
weather conditions than that of juar when 
the moisture supply is optimum. With 
the low supply, the growth of bajra is 
scarcely affected by the weather. Gram, 
compared to wheat, apparently showed a 
similar behaviour as that of bajra to 
juar. (Compare the percentages of the 
values for total dry-matter for 1941-42 
on those of 1940-41 in Table No. IV.ii.l3). 

Maturity of the four crop plants was 

also adversely affected by the low moisture 

supply in both the years. The adverse 

effect due to the low moisture supply (as 

indicated by their percentage values on 

the respective values for the optimum 

supply) more pronounced in a favourable 

year (1940-41) than in the unfavourable 

(1941-42); it is due to the reduction in the 

yield of grain in the unfavourable year, 

compared to the favourable year; the 

reduction was greater when the moisture 

supply was optimum than when it was 
low. 

With regarded to the individual res¬ 
ponse, for the yield of grain by the four 
crop plants, to the two factors, moisture- 
supply and weather conditions, it was 
noted that among the two kharif crops, 
bajra was apparently similarly affected bv 
both the factors while juar suffered more 
due to reduced moisture supply than to 
bad weather. Among the two rabi crops, 

'' beat was less affected by the moisture 
supply than by the weather; gram was 
adversely affected, more than wheat, by 
the reduced supply than by the bad 
weather. (Refer Table IV. ii. 14). 


The results for the water requirements 
on grain of the four crop plants under the 
experimental conditions indicate: 

1. The water-economy, with respect to 
grain-yield, of the kharif crop plants, 
bajra and juar (particularly the latter', 
was apparently adversely affected by the 
reduction in moisture suj)ply. 

ib The water-economy by wheat and 
gram (the rabi crops) improved with the 
reduced moisture supply. 

3. But the differences due to the 
low moisture supply were rarely statisti¬ 
cally significant due to the high standard 
errors for the kharif crop plants and to 

their (the differences) small magnitude for 
the rabi crops. 

The water requirement on plant basis 
was affected less than that on grain basis, 
by the low moisture supply. Under favou¬ 
rable weather conditions as in 1940-41. 
the two levels of supply, optimum (13%) 
and low (8%), did not result in any signifi¬ 
cant difference in the water requirements 
of the four crop plants under study. 

Under unfavourable weather conditions, 
as in 194 -42, the low moisture supplv, 
gave significantly lower values for the 
water requirements of bajra and gram; 
the value of juar was raised; wheat was 
not affected ; the values for the low 
moisture supply expressed as percentages 
on the respective values for the optimum 
supply in 1941-42 are : 

Bajra Local : 82%; juar S.21: 107%. 

Wheat 9 D : 93% : gram I.P.58 : 82%. 

The lesults obtained for the four crop 

Plants clearly indicate the existence of an 

apparently significant interaction between 

the two factors, ‘weather 5 and ‘water- 

supply , which has not been given the 

necessary importance by other workers 

when they arrived at sweeping conclusions 

fiom meagre data, on the influence of 

moisture-supply on water requirements of 
plants. 



PART IV. Section iii. 


Effect of low moisture-supply (8%) on Rate of Transpiration and Water 

Requirements of promising types of the local crops. 

• • * 

The present experiment was intended to from sowing to harvest. The results 
study the behaviour of a few promising might reveal the suitability or otherwise 
types of the different crops of the locality, of the crops and their types to continu- 
when the plants were grown in soil with ously adverse conditions of moisture- 
low moisture-content (8%) maintained supply. 


Kharif crops* 

TABLE No. IV. iii. 1. 


Experimental details : 


Details. 

1. Crops & types : Bajra 

Juar: 
■, Guar a 
Moth : 

l L Soil-moisture: 

3. Date of sowing ; 

4. Pot-size: 

5. Number of plantr/pot ; 
0. Replications: 


1940. 

-Local; A. 1/3; 
and Leiah- 


1941. 


B. S; 


S. 21 ; S. 20; 


S. 100 - 

No. 2.- 

None 


None ' 

/Low (8 J 0 ) from sowing 
29/6 26 6 

/-12"xl8"— 

;-Two- 

! -——*-Five- 


1942. 

/—Local & 

A. 1/8.—/ 
/S. 21; S. 100/ 


to harvest 


T. 3.—/ 


24/6 


/ 


The trial was conducted during the 
kluii if seasons of three years, 1940 to 1942, 
with different types of bajra and of juar, 
and one type of guara and one ol moth. 

Results 

Statement IV. iii. A ; Figs. IV. iii. 1 to 4) 

Weather : Weather conditions during the 

kharif season of the three 
years were already explained in detail in 
Pacts II and IV. ii. The main points, as 
indicated by evaporation from Piche’s 
evaporimeter, are: 

1. Weather conditions differed a 
good deal in the kharif seasons 
of the three years. 


2. Kharif of 1940 was mild and 
favourable to plant growth; in 
1941, the season experienced 
three drought periods (weekly 
evaporation above lOOcc.) at 
important stages of the plant 
growth i. e., stem-elongation, 
earing and grain-setting ol bajra. 
In 1942, the weather was wet 
and cloud}' throughout. 

Bajra 

Among the four types under stud} 
(Local, A. 1/3, Bikanere Smooth or B.S.. 
and Leiah), Local was earlier in earing by 
about two weeks than the others. 
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Rate of transpiration 

Weekly transpiration by the four types 
followed almost the same course through¬ 
out. The rapid increase in rate during the 
stem-elongation stage was seen for all the 
four types from the 4th to 6th week after 
sowing. The curves for transpiration by 
the different types were similar in the 
first two years; in 1940, the peak level 
was reached during the 11th week after 
sowing and in 1941, during the 10th week. 


In the wet year (1942), the maximum rate 
was reached for Local during the 7th 
week after sowing, and during the 12th 
week for the A. 1/3. Due to abnormal 
weather conditions during 1 942, the curves, 
instead of resembling the normal one with 
one maximum, became wavy due to seve¬ 
ral maxima. 

Maximum rates reached by the different 
types are expressed as percentages on 
Local. 


TABLE No. IV. iii.2. 

Maximum rate of transpiration by Bajra types. 

(Percentage on Local). 


Type of Bajra. 

1940. 

1941. 

1942. 

• 

O' 

/o 

o 

o 

& 

A. 1/3. 

127 

104 

116 

B. 8. 

129 

102 


Leiah 

117 

115 



Luring the normal year, 1940 ; the three 
types reached a higher maximum rate of 
transpiration than Local. During the 
dry year, 1941, the differences between 
Local, A. I 3. and B S. were negligible. 


while Lei ah was at a higher level. In the 
wet year. 11)4 2, when only Local and A. 13 
were grown. A. I 3 reached a higher 
maximum rate than Local. 


Total transpiration. 

The results are summarised : 
TABLE No. IV.iii.3. 


total transpiration by the Bajra types. 



Types of Bajra 


Local: 

A. 1/3 : 

B. S: 

Leiah : 


Total transpn. in kgms. 
per pot with 2 plants. 

1940. 


kgms 
15 9 
21.2 

20.5 

18.6 


1941. 

kgms. 

13.7 
19.6 

20.8 

22.8 


1942. 


kgms. 

10.9 

12.1 


125 


1940. 


O' 
« * 


100 

134 

130 

117 


1941. 


o' 

o 

100 

105 

111 

122 


Pei cent age on Local. 


1942. 


y O 

100 

104 



Bajra Local transpired altogether less 
amount of water than the other three 
types. 

Dry weather of 1941 (compared to 1940) 
increased the total transpiration by Local 
and Leiah. The value for B.S. was not 
altered while it was lowered for A. 1/3. 

Total transpiration by Local and by 
A 1/3 was much lower in the wet year, 
1942, than in the other two years. 


Dry-matter formed 

Dry-weight of leaves was lower for 
Local than for the other types in the 
three years, except for Leiah in 1940. 
Dry-w r eight of shoot or whole plant follow¬ 
ed the same trend as that of leaves. 

Yield of grain showed smaller differen¬ 
ces between the types than dry-weight of 
the' vegetative portion. The results for 
leaves and grain-yield are summarised: 


TABLE No. IV iii.4. 

Dry-weight of leaves and grain-yield by Bajra types. 

(Percentage on Local). 


fpes of Bajra. 

JL/i j -yr 

1940. 

V-'JL 

1941. 

XV/W * VWI 

1942. 

1940. 

1941. 

a m 

1942. 


o / 

o 

Of' 

JO 

% 

Of 

JO 

o/ 

/o m 

O/ 

Jo 

A. 1/3: 

188 

125 

161 

109 

110 

151 

B. S: 

177 

147 

— 

96 

87 

—• 

Leiah: 

98 

157 

— 

91 

99 

— 


Bajra A. 1/3 and B.S. possessed more 
foliage than Local, particularly w hen the 
weather was mild (1940) or wet (1942). 
The behaviour of Leiah was not con¬ 
sistent . 

Bajra A. 1/3 yielded more grain than 
Local, especially when the weather was 
moist (1942). The other two types, B.S. 


and Leiah, gave slightly lower yields than 
Local. Dry w eather of 1941 was particu¬ 
larly harmful to B.S. for yield of grain. 

Yield of grain by all the types was 
lower in the dry year, 1941, than in 1940. 
Even wet weather was harmful to Local, 
but the yield of A. 1/3 improved conside¬ 
rably, relative to Local. 


TABLE No. IV. iii.5. 
Leaf-to-grain and grain-to-shoot ratios 


Types of Bajra. 

Leaf-to 

1940. 

-grain 

1941. 

ratio. 

1942. 

Local. 

1.8 

1 1 

1 6 

A. 1/3 : 

1.0 

J.O 

1.5 

B. S : 

1.0 

0.7 


Leiah : 

1.7 

0.7 

— 


Grain-to-shoot. 

1940. 1941. 1942. 


1.8 
2.8 
2 9 
2.9 


2.7 
2.9 

3.8 
4.0 


2 7 
2.5 


Leaf-grain efficiency was better for 
Local than for A. 1/3 or B.S., especially 
in the mild season of 1940. In the dry 
year, 1941, or in the wet year, 1942, the 


difference between Local and A. 1/3 was 
slight. The types, B.S. and Leiah, showed 
poor efficiency in the dry year when com¬ 
pared to Local and A. 1/3. 
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In 1040 and 19 41, the grain to-shoot 
ratio, which indicates the relative amount 
of vegetative growth and grain formed, 
was lower for Local than for the other 
types. In the wet year, it was slightly 
greater for Local than for A. 1/3. 


Water requirements 

Ratios between transpiration and drv- 
weighb of leaves, and of whole plant, arid 
yield of grain are tabulated as percentages 
on Local. 


TABLE No. IV. iii.6. 


Water requirements of the Bajra types. 

(Percentage on Local) 


Khar if of 

Tr a ns p ira t io n/Lea f. 

Transpn./ 

Grain - 

fl 

Tr. / Plant. 

A. 1 3 

B. S. 

Leiah . 

A 1/3 B. 1 

5. Leiah 

A 1/3 B. S. Lei. 


o' 

/O 

o! 

/O 

of 

/O 

o 

o 

O 

o 

o' 

/O 

0/ O' ?) 

•o /o 

1940: 

i O 

72 

120 

131 

133 

100 

90 87 90 

1941: 

81 

75 

82 

110 

147 

123 

91 100 94 

1942: 

71 

— 

— 

82 

— 

— ■ 

78 — 


Leaf-transpiration ratio was conside¬ 
rably higher for Local than for the other 
types except for Lei ah in 1940. 

Grain-transpiration ratio of Local was 
lower than for A. 1/3 or B.S, during the 
first two years. In the wet year. 1942, 
it was greater than that of A. I 3. Leiah 
had the same ratio as of Local in 1940 
but in the dry year, 1941, the ratio of 
Leiah went up. 

In general, Bajra Local gave a higher 
plant-tran9piration ratio than the other 
types in the three years. The differences 
in many cases are rather small. 

Summary of results on Bajra types 

1. Rate of transpiration by bajra 
Local was at a slightly lower 
level than by the other types 
throughout the life-period of the 
plants. But in the dry year, 
1941, the difference was negli¬ 
gible. 

2. Total transpiration was also 
lower for Local than for the 
other types. The difference was 
more marked in the mild vear. 
1940, 


3. Dry-weight ol the Local plants 
or their parts was generally lower 
than that of the other types, 
more so, in the mild and wet 
years than in the dry year, 1941. 
The difference between A. 1 3 
and B S. was negligible wbile 
Leiah behaved erratically. 

4. Differences between the four 
types regarding yield of grain 
were much smaller than those of 
the dry matter. Bajra A. 1 3 
was slightly superior to Local in 
the first two years, while the 
difference, in favour of the for¬ 
mer type, was higher in the wet 
year, 1942. 

o. Bajra Local produced more grain 
per unit dry-weight of leaves 
than the other types. The Local 
plants showed comparatively less 

vegetative growth than the other 
types. 

6. The ratios between transpiration 
and plant parts indicate that 
Local transpired more water per 
unit dry-weight of whole plant 
than the other types; on grain 
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basis. Local was more economi¬ 
cal towards water-loss than the 
other types,, except under wet 
weather conditions as in 1 942. 

?. With low' soil moisture (8%), 
bajra Local was better than even 
A. 1 3 during mild and dry sea¬ 
sons, on the bxsis of total trans¬ 
piration, and grain-yield, due to 
the better water-economy in 
relation to grain of the former 
type. In a wet year, however, 
A. 1/3 was decidedly superior to 
Local. Next in order comes 
Lei ah followed by B.S. 

J U A R 

Three types of juar, S.21 (sweet), S.20 
(non-sweet) and 8.100 (sweet) were studi¬ 


ed during 1940 and 1941, while in 1942, 
S. 100 was ojnitted. 


The order regarding earliness in earing 
was : 8.100, S.21, and S.20, with a maxi¬ 

mum difference of about a week. The 
three types were similar in growth charac¬ 
ters. All of them failed to mature pro- 
perly. 


Rate of transpiration. 


The curves for rate of transpiration by 
the three types w r ere quite similar. J.8. 20 
transpired at a slightly higher rate than 
J.S. 21 during the earing and maturity 
stages. In the dry year, 1941, transpiration 
by J.S. 100 v r as at a higher level than that 
by the other two types. 

Maximum rates of transpiration reached 
by J.S. 20 and J.S. 100 are tabulated as 
percentages on J.S. 21. 


TABLE No. IV. hi. 



Maximum weekly transpiration by the Juar types. 

(Percentage on J. 8. 21) 



Type of Juar. 


1940. 


0 / 

o 


1941. 

o 


1942. 





J. S. 20: 103 93 113 

J. S. 100 : 101 108 — 


The maximum rate of transpiration by J.S. 20 was lov'er than that of J.S. 2b 
J.S. 20 or by J.S 100 v'as higher than by The differences between the three types in 
J.S. 21, except in 1948. -when the value for the mild year, 1941, were negligible. 

TABLE No. IV. iii. 8. 


Total transpiration by the Juar types. 
(Percentage on J. S. 21). 


Tvpe of Juar. 

1940. 

194 b 

1942. 


o 

>o 

4 

o/ 

/ o 

• 

% 

J. S. 20: 

106 

101 

104 

J. 8. 100 : 

99 

1 10 
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Differences between the three types 
regarding total transpiration were almost 
negligible except in 1941, when J.S. 100 
transpired altogether 10% more than 

J.S. 21. 

Dry-matter formed 

J.S. 20 fared better than J.S. 21 regar¬ 
ding the dry matter in leaves, shoot, or 
whole plant, in all the three years. J.S. I0o 
produced more dry matter in 941 than 
the other two types, while in J 940, it 
fared worse. The differences, however, 
were small. 


The results on yield of grain are not 
explained due to irregular maturity of the 
individual plants. 

Water requirements. 

Regarding the ratios between transpira¬ 
tion and dry-weight of leaves, shoot, and 
whole plant, the different types behaved 
alike in 1940 and 1942. The results for the 
dry year, 1941, showed variations; these 
results for ‘ leaves * and ■ shoot ’ are tabu¬ 
lated : 


TABLE No. IV. iii. 9. 

Water requirements of the Juar types on ‘Leaf’ and on ‘Shoot’. (1941). 



W. R. on dry-wt. of 


Juar S. 21. Juar S. 20. Juar S. 100 


Leaves. 

Shoot. 


Standard error + 


n 



1452 

1349 

1205 

89 

86 

50 

450 

413 

341 

10 

3 

15 


Both the ratios were the highest for 
J.S. 21 and lowest for J.S. 100. The 
differences between the types were statisti¬ 
cally significant for the water requirement 
on shoot. 

The water requirements on plant basis 
for the three types are similar 1o those 
on shoots. 

From the above results on the Juar 
types, it may be concluded that tlie diffe¬ 
rences between the types were negligible 
in 1940 (mild) and in 1942 (wet), but in 
the dry year, 194 I, the early type J.S. 100 
fared better than the other two regarding 
water-loss in relation to dry matter formed 
in shoot. 

Guara. (Cyamopsis psoralioides) 

‘ Cluster Bean ’. 

Guara No. 2 is a longer duration crop 
than either bajra or juar and is ready for 


harvest about a month Inter than the 
other two crops. 

Rate of transpiration. 

Rate of transpiration by guara rose 
more gradually than juar or bajra, but 
later on, guara was transpiring at a high 
rate for a longer duration than either juar 
or bajra. Tn the mild year, 1940. the rate 
was at a lower level throughout than in 
1941 or 1942. Jt reached a higher maxi¬ 
mum during these two years than bajra 
or juar. 

Total transpiration. 

Guara transpired much more water in 
1941 than in 1942 or 1940: the actual 
values are 25 kgms., 39 kgms., and 20 

kgms. per pot with two plants in 1940. 
1941 and 1942 respectively. 
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Dry-matter and grain-yield. and 12*1 gms. in the three years fcsspec- 

Dry-weight of the leaves, the shoot, or lively, 
the whole plant showed the same relation- Water requirements. 

ship, as total transpiration, to weather The results are summarised : 

conditions in the three years. Water requirement on grain was^ the 

highest in 1941 (dry year) and lowest in 
Yield of grain was highest in 1941 (dry 1940 (mild), while the values for the water 

year); the values are 17*3 gms., 20*2 gms., requirement on plant was almost the same 

TABLE No. IV. iii 10. 

Water requirements of Guara No. 2 on grain and plant, 

(Mean of five values) 


W.R. on 



1940. 

1941. 

1942. 

Grain : 



1316 

2127 

1700 


SE. 

+ 

116 

370 

134 

Plant: 



444 

496 

501 


S.E. 

+ 

15 * 

37 

19 


for 1941 and 1942 and was higher than 
for 1940. 

Moth. (Phaseolus aconitifolius) 

‘ Dew Gram 

Moth was studied in 1942 only, the wet 
year. It resembles guara in the slow 
growth and both are harvested at about 
the same time. 

Rate of transpiration by moth was 
throughout at a higher level than by guara. 
It transpired altogether 5.4kgms.more and 
yielded 5 gms. of grain more than guara. 

Water requirement of moth on grain 
was lower than that of guara, the values 
being 1474 and 1700 respectively for moth 
and guara, while there was no difference 


between the two crops for water require¬ 
ments on plant. 

Comparison between the different 

kharif crops 

As the four crops under study are the 
chief kharif crops of the locality, a com¬ 
parison of their behaviour, when grown 
with low soil moisture, should give useful 
information. Instead of taking mean 
values for the different types of bajra or 
juar, the values of the standard types, 
bajra Local and Juar S. 21 are selected 
for the comparison. Only a few important 
observations are studied. 

The results on total transpiration, dry 
weight of the shoot (minus grain), and 
yield of grain are summarised: 
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TABLE No. IV. iii. 11. 

Total transpiration, dry-weight of shoot & grain-yield. 
(Mean, per pot with 2 plants, of 5 values) 


Observation, 

Crop. 

1940 

1941 

1942 

Mean 

Total Transpn. 

Bajra Local 

15.9 

18.7 

10.9 

15.2 

(in kgms.) 

Juar S. 21 

26.2 

25.9 

22.2 

24.8 


Guara No. 2 

22.0 

39.3 

19.8 

27.0 

• 

Moth T. 3 

— 

— 

25.2 

25.2 

Dry-weight of 

Bajra Local 

28.9 

30.1 

29.4 

29.5 

shoot minus 

Juar S. 21 

71.6 

54.0 

64.8 

63.5 

grain (gins.) 

Guara No. 2 

30.5 

50.3 

26.1 

35.6 


Moth T. 3 

—— 

— 

29.3 

29.3 

Grain (gms.) 

Bajra Local 

16.1 

11.3 

11.0 

12.8 


Juar S. 21 

5.6 

3.8 

4.7 

4.7 


Guara No. 2 

17.8 

20.2 

12.1 

16.7 


Moth T. 3 

— 


17.1 

' 17.1 


Total transpiration: Irrespective of 

the weather con¬ 
ditions experienced in the three years, 
bajra Local transpired altogether consi¬ 
derably less water than the other three 
crops. 

In the dry year, 1941, the order of the 
crops is : Guara) Juar) Bajra, while, in 
the wet year (1942), it is : 

Moth) Juar) Guara) Bajra. In the mild 
year, guara transpired less than juar. 

Dry-weight of shoot (minus grain): 

It may be noted 
that all the four crops, particulary juar, 
serve as fodder too. Juar was leading in 
all the three years over the other crops. 
Between bajra and guara, the latter was 
better except in the wet year. Moth, 


tried in 1942, was equal to bajra. Dry 
weather (J 941) was harmful to growth of 
juar while bajra and guara showed even 
slight improvement under these conditions 

Yield of grain : Juar yielded very little 

grain compared to the 
other crops. Grain-yield of guara was 
slightly better than that of bajra in the 
mild and the wtt years, while in the 
dry year, 1941, it was' about 80% higher 
than that of bajra. Grain-yield of moth 
was the highest among the four crops 
during the wet year, ■ 942. 

Ratios. 

The different rations which indicate the 
relation between the leaves, grain, whole 
plant and transpiration are tabulated for 
the four crops: 
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TABLE No. IV. iii. 12. 

* 

Ratios between dry-weight of leaves, plant, shoot (minus grain), 

grain-yield, and transpiration. 

(Mean of 3 years.) 


Ratio- 

Bajra 

Local 

Juar 

S. 21 

Guara* 

No- 2 

Moth 
T. 3 

Grain (gms )/‘Leaf * (gms.): 

1.48 


1.56 

1.32 

Transpn. (kgms.)/‘ Leaf 5 (gms ): 

1.74 

1.48 

2.64 

1.96 

„ ,, /Grain (gms): 

1.22 

— 

1,72 

1.47 

,, „ /Shoot (gms.): 

0.51 

0 40 

0.75 

0.86 

„ „ /Plant (gms.): 

0.30 

0.27 

0.48 

0.51 


* Date of one year only. 


The order of merit of the four crops, 
which was generally consistent in the 
different years, is given below for each of 
the ratios : 

1. Grain/‘Leaf’: Guara ) Bajra ) Moth. 

2. Transpiration ‘Leaf 5 : Guara ) Moth j 

Bajra ) Juar 

3* Grain : Guara ) Moth \ 

Bajra 

4. «, Shoot: Moth ) Guara ) 

Bajra ) Juar. 

f>. ,, /Plant.: Moth ) Guara ) 

Bajra ) Juar. 

It may be noted that the values of moth 
are of one year only, and not means of 
three years as in the other crops. Also, 
the figures for juar are omitted for the 
ratios involving grain, as maturity of juar 
was imperfect. 

The results indicate that moth and 
guara lost more water per unit dry-matter 
formed in leaves, grain, shoot or whole 


plant than bajra or juar ; juar was the 
most economical except on grain basis. 

The following conclusions can be drawn 
from the studies on the kbarif crops: 



Considering the total transpira¬ 
tion and water econom} 7 in rela¬ 
tion to grain or shoot, bajra 
Local is better than even Guara. 
But the yield of grain and the 
dry-weight of shoot as also the 
leaf-grain efficiency (in dry and 
mild seasons) were better for 


guara than for bajra, 


If the fodder-value of a crop is 
under consideration, juar comes 
first followed by guara and bajra. 


Under field conditions'in drought 
years, guara was found to fare 
better than even bajra because of 
the additional advantage of its 
deep root-system. 

4. Moth is very close to guara in its 
behaviour, 
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Rabi crops 

The experimental details were the same 


as for the kharif cropB except for the 
following changes: 


TABLE No. IV. iii. 13. 
Experimental details 


Details. 


1940-41. 


1941-42. 


1942-43. 


Types of: Wheat: 

Gram: 
Barley: 
Taramira: 

Sowing date; 


/-8A; C. 518; 9D; Own 13. / 

/ T. 7 ; T. 17 ; I.P. 58.-/ 

/-T.4- 

/-T.A- 

I -29/10- 1 


/-8A ; 9D-/ 
/T.7 ; I.P. 53/ 


- / 

,-26/10 / 


Weather: According to the evapori- 
meter values, weather conditions were 
apparently similar in all the three rabi 
seasons; except that, in 1942-43. the 
evaporation was lower than in the pre¬ 
vious two years during the stein-elonga¬ 
tion or vegetative phase (7th week to 


14th week after sowing), while during the 
earing period (15th week to 19th week); 
the weather was comparatively more dry 
in 1942-43 than in the other two years. 
The following figures for evaporation 
indicate the above points : 


TABLE No. IV. iii. 14. 


Week after 
sowing 


7th-l4th. 


Range of weekly evaporation in cc. (1940-43) 


Growth stage 


Veget ative : 


15th-19th. Blooming: 

Remarks on growth and 
maturity of plants : 


1.940-41 


cc. 


26 - 76 
48 - 87 

Better 


1941-42 


cc. 

22 - 61 

82 - 71 

Fair 


1942-43. 


cc. 

14 - 41 
65 - 109 

Best. 


It was pointed out in Part IV. Section 
ii. while explaining the weather during the 
rabi seasons of 1940-4! and 1941-42, that, 
due to the cloudy weather and lower 
temperatures in 1941-42 at apparently 
critical periods of the plants, growth and 
maturity of wheat 9 D and gram T. 7. 
were not as good in this year as in 1940- 
k 41. The remarks hold good even in the 
present experiment. The rabi season of 
1942-43 also experienced cloudy weather 
during the pre-earing period (10th week 
to 13 th week) but the weather was bright 


during the earing period (16th and 17th 
weeks) unlike that in 1941-42. 

Crops. 

Wheat : The order of earliness in earing 
among the four types of wheat is : Own 

J3 (earliest) - 9 D - C. 518 - 8 A (latest). 

Generally, there was a difference of about 
a week between the successive types. 

Gram: Type I. P. 58 was earlier than 
T, 7 and T. 17 by a week or two. The 
latter two types flowered at about the 
same time. 
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Barley T 4: It was later in earing 
than the earliest type of wheat (Cwn 13) 
by about a week. 

Taramira T. A.: (Eruca SatiVa - oil-* 
seed): It was about a week earlier in 
flowering than the early type of oram 
I. P 58. 55 

Results, (Statement IV. iii. B) 
(Figs* IV. iii* 5 to 8). 

Wheat: 

Rat6 of transpiration : During 1940-41, 
the plants of wheat 9 D were transpiring 
throughout at a higher rate than those 
of the other three types while the curve 
for Cwn 13 was at the lowest level among 
all the four. The difference between the 
two late types, 8 A and C. 518 , was 


negligible. All the types, were trans¬ 
piring at a high rate from the 15th week 
after sowing till almost the end. 

In 1941—42, however, wheat 9 D 
occupied the last position among the four 
types, regarding rate of transpiration 
C. 518 was transpiring at the highest level. 
Rate of transpiration by Cwn. 13, which 
fared badly in the previous year, was as 
high as that of 8 A till the earing time 
(13th week after sowing). Later on, its 
rate was lower than that of 8 A. 

In 1942-43, when only 8 A (late type) 
and 9 D (early type) ware studied, rate of 
transpiration by 9D was at a slightly 
higher level than that of 8 A till the 
earing-time. The curve for 9 D went down 
earlier than that for 8 A. 



The late types reached a higher maxi- dry; but by this time, the early types were 
mum rate of transpiration than the early almost mature. The behaviour of 9 D in 
types except 9 D in 1940-41. Generally, 1940-41. when it grew vigorously, is not 
the maximum rate was reached in the understood, and so, its results for 1940-41 
final weeks (about 20th week after sowing), are not included in the j^resent studies. 

when weather conditions became more Total transpiration: 





TAfcLE No. IV. iii. lo 


Total transpiration by Wheat types 


(Percentage on wheat 8 A). 



Type of wheat. 

1910 - 41 . 

1941-42. 

1942-43 


of 

O' 

o 

0/ 

'O 

Wheat C. 518 : 

95 

105 

. . 

Wheat 9 D: 

i 

• 

87 

88 

Wheat Cwn. 1 3 : 

80 





The early types, 9 D and Cwn. 13, 
transpired altogether less water than the 
late types, 8 A and C. 518. 

Dry-matter: Dry-weight of plant parts 
or whole plant was according to the length 


of the growth period of the different wheat 
types, it being greater for the late types 
than for the earl}" ones. Results for 
leaf-dry-weight and yield of grain are 
given: 


TABLE No. IV. iiii.16. 

Dry-weight of leaves arid yield of grain. 


(Percentage on wheat 8 A.). 



Type of Wheat. 

1940 

—41. 

1941- 

-42. 

1942 — 43. 

Leaves. 

Grain. 

Leaves. 

Grain. 

Leaves Grain 


O' 

O 

O 

o/ 

n/ o' 


>o 

,0 

O 

o 

• O o 

C. 518: 

73 

127 

89 

112 

— - 

9 D: 

? 

• 

i 

• 

76 

112 

75 108 

Cwn. 13 : 

51 

118 

62 

101 

— — 


Leaf-dry-matter was lowest for Cwn. 13 
and highest for 8A, Wheat 9D occupied 
a position above Cwn. 13. 

Yield of grain by 8A was definitely in¬ 
terior to that of the other types. Cwn. 18 


(the earliest type) yielded more grain than 
8A in 1910 41 but in the following year, 
the difference was negligible. Wheat 9D 
(an eaily type) seems to be the best among 
the four types closely followed by the late 
type, C. 518. 
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TABLE NO. IV. iii.17. 

Leaf-to-grain and grain-to-shoot ratios. 


Type of Wheat. 


Grain I 1 leaf*. 


Shoot/grain. 



1940- 

41 1941-42 

1942-43 

1940-41 1941-42 

1942-43 


O/ 

/O 





8 A : 

2.2 

2.7 

3.7 

1.9 1.8 

1.3 

C. 518: 

3.8 

3.4 

— 

1.2 1.4 

... 

9 D 

4.5 

4.0 

5.4 

1.3 1.2 

U 

Cwn. 13 : 

5.0 

5.6 

— 

1.1 1.3 

— • 


Leaf-grain ratio was closely related to 
time of earing, it being highest for the ear¬ 
liest type, Cwn. 13 and lowest for 8A, the 
last to ear. 


Grain-shoot ratio, which indicates the 
relative amount of vegetative growth and 
grain formed, was higher for 8A than for 

TABLE No. IV. iii. 18. 


the other types which differed only slightly 
among themselves. 

Transpiration ratios or Water 

requirements. 


The values based on ‘ leaves ’, on grain, 
and on whole plant and summarised. 


Water requirements (in kgms.) of Wheat types. 


W. R. (kgms) on 


1940- 

41. 


1941- 

42 

1942- 

43. 


C. 


Cwn. 


C. 

Cwn. 




8 A. 

518. 

9 D. 

13 

8 A. 

518. 

9 D. 13. 

8A. 

9D. 

Leaves: 

2.61 

3.09 

3.44 

3.76 

3.09 

3.65 

4.17 4.34 

4.45 

5.26 

Grain: 

1.07 

0.81 

0.82 

0.73 

1.13 

1.06 

0.89 0.95 

1.20 

0.98 

Plant: 

0.35 

0.34 

0.35 

0.33 

0.36 

0.39 

0.37 0.37 

0.46 

0.42 


Water requirement on leaf-basis increas¬ 
ed with earliness in earing, the value being 
highest for Cwn. 13. 

Water requirement on grain was defi¬ 
nitely higher for 8A than for the other 
types, although the difference between 8A 
and C. 518 in 1941-42 was small. The 
differences between the three types, C. 518, 
9D and Cwn. 13 were negligible. 

Water requirement on dry-weight of the 
whole plant was almost the same for all 
the four types in each year. 

General conclusions on Wheat types .* 


1 . 


2 . 


■ A . \ V X/ V/ » » —' * — — — — 

transpiration, leaf-grain efficiency 
and even the actual yield of grain, 
the early types of wheat were 
better tl an the late ones Among 
the early types, wheat 9D was 
apparently superior to Cwn. 1 ’> 
due to the better yield of grain. 

Wheat 8A (the late type), due to 

its higher total transpiration 
lower leaf-grain efficiency and 
higher transpiration ratio on 

grain basis than those of the 
other types, was inferior to them. 


J36 




3. Wheat C. 518, an intei mediate 
type between 8 A and 9D regard¬ 
ing its earliness, was as good as 
9D concerning yield of grain 
(1941-42), but its total transpi¬ 
ration and leaf-grain ratio were 
less satisfactory than of 9D. The 
results of 1941-42 alone were 
taken into consideration for the 
above comparison as wheat 9D, 
in 1940-41, was unusually vigo¬ 
rous in growth and maturity. 


Among the three types under trial, I.P. 
58 was earlier in flowering ai d maturity 


by a week or two than T. 7. and T. 17. 
Growth ar.d maturity periods of the latter 
two type 6 were almost th£ same. 

Kate of transpiration: There is little 
difference helwcen the three types regard¬ 
ing thei v rate of transpiration till about 
the 15th week after sowing when they 
were in flowers. Later on, the rate of 
transpiration by the late types, particu¬ 
lar! 3 * of T. 7, was at a higher level than 
that of I.P. 58. The curve for transpira¬ 
tion by I.P. 58 went down finally, earlier 
than the other two as it matured earlier; 
but this difference was not as clear bet¬ 
ween I.P. 58 and T. 17 as between the 
former and T. 7 in 1940-41. 


TABLE No. IV. Hi. J9. 

Maximum rate of transpiration by the Gram types. 

(Percentage on T. 7.) 


Type of Gram. 

940- 41. 


1941- 42. 

1942—43 

Gram T. 1 7. 

Gram T. P. 58. 

• • • • • • • • 

O’ 

/O 

104 

97 


O 

87 

74 

O 

/O 

88 


The differences between the types were 
slight in 1940-41, but were high in the 
other two years; in 1941 42, the maxi¬ 
mum rates of transpiration by I.P. 58 
and T. 17 were 74 ’ and 87°, respectively 
ofT. 7. 


Total transpiration : The grain types 
grown with low moisture supply, trans¬ 
pired altogether much less than the other 
crops. Differences among the.throe types 
of gram are brought out in the following 
figures : 


TABLE No. IV. iii. 20. 

Total transpiration by the Gram types. 

(Percentage on T. 7). 


Type of Gram 


1940-41 


1941-42 


1942-43. 


O 


Gram T. 17. 
Gram I. P. 58 


.O 

80 

88 


Q 

'O 


98 

87 


O 


8 !) 


IK 
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In 1940-41, gram T. 17 transpired alto¬ 
gether the lowest amount of water follo¬ 
wed by I.P.58. These differences among 
the three types disappeared in the bad 

year, >941-42. Tn 1942-43, T P.58 lost 
less water than T.7. 

Dry-matter and yield of grain. 

• > _ • • 

Differences between the three types 


regarding leaf-dry-matter were not consis¬ 
tent, though dry-matter in shoot or whole 
plant was apparently related to earliness; 
in 19 l i-12 and 42-13, dry-weight of shoot 
or plant was the highest for T.7 and 
lowest for X.P.58, while the order was 
reversed in the bad year, 1941-42. The 
differences were small. 


TABLE No. IV. hi. 21. 


Yield of grain by the Gram types. 
(Percentage on T. 7). 


Type of Gram. 


1940-41. 


1941-42 


1942-43 


Gram T. 17. 
Gram I. P. 58. 



The yield of grain was the highest for 
T.7 in 1940-41, the mild year; it was 
higher than I.P.58 in 1912-13 also. In 


1911-12, the bad year, T.17 and I.P.58 

9% more grain than T.7. 


TABLE TV. hi. 22. 

Leaf-to-grain ratios of the Gram types. 


Type of Gram 


Gram T. 7. 
Gram T. 17. 
Gram I. P. 58. 


0—41. 

• 

1941—42. 

1942- 

O' 

>o 

1.6 


2.5 

3.7 

1.1 


2.2 

-- 

1.4 


1.8 

4.1 


43. 


Gram T.7 gave a comparatively higher 
ratio than the other two types, though 
the differences were small. I.P.58, which 
gave lower ratios than T.7 in the first and 
the second year was slightly superior to 
T.7 in 19*2-1*3. Gram T.17 gave the 
lowest value in 19J0-H while it was better 
than I.P.58 in 1911-12. 

The apparent inconsistencies in the 
behaviour of the types in the different 


years is partly due to the difficulty in 
separating and collecting the leaflets of 
gram plants for estimation of their dry- 
weight. 

Wate r requirements. 

The results are summarised for the 
different ratios, in kgms. of water to 
produce l gin. of dry-matter : 

■ ' - t. 
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TABLE No. IV. 


in. 



Water requirements of the Gram types. 

(in kgms. of water transpired per 1 gm. of dry-wt j 



Type of Gram. 

W. R. 

1940-41 

(kgms) on 
1941-42 

grain. 

1942-43 

W. R. 

1940-41 

(kgms) on 
1941-42 

plant. 

1942-43 


kgms. 

kgms. 

kgms. 

kgms. 

* 

kgms. 

kgms- 

T. 7 

0.79 

] .08 

1.03 

0.34 

0.47 

0.51 

T. 17 

0,83 

0.05 

— 

0.32 

0.43 

——- 

I. P. 58 

0.95 

0.98 

1.0 1 

0.37 

0.41 

0.51 


Differences between the three gram 
types for both the ratios were small. The 
ratio on grain basis, in ltUO-11, was 
lowest for T.7 and highest for I.P.58. 


Comparison of the four rabi crops 

As the object of including one type of 
barley and one of taramira in the present 
experiments was to study their behaviour 
in comparison with wheat and gram, 
results of the former two crops are not 
explained separately, hut are now consi¬ 
dered along with wheat and gram. Instead 
of taking mean values of the different 
types of wheat or gram, results of one 
type of each crop (wheat 8 A and gram 
T.7) are selected for comparison with 
barley and taramira. 


The order of earliness in 
the four crops is: 


maturity of 


Gra m-Barley-Wheat-T aramira. But 
the maximum difference in time between 
the earliest (gram) and the latest (tara¬ 
mira) is about three weeks. 


Rate of transpiraticn 

The general outline of the curves for 
the rate ol t ranspiration by the lour crops 
was similar, in that the rate increased 
gradually till about the 10th week after 
sowing, then rapidly till the plants were 
18 to 20 weeks old and then went down 
as they matured. 

Rate ot transpiration by gram was 

throughout much lower than by the other 

crops. In the early growth period i. e., 

up to 12th-16th week after sowing, the 

rate by wheat w.A$ : 'lower than that by 

barley or taramira while in the later 

period (after about 16th week), wheat 

was leading over the other two. The 

difference between barley and taramira 

was slight and was not consistent in the 
three years. 










Ti 


No. IV. iii. 24. 

Maximum rate of trauspiration by the four crops. 

(Mean of 3 years). 


Crops. 

• 

Maximum rate in kgms. 
per pot with 2 plants. 

0 

% on wheat 

8 A. 


kgms. 

o/ 

/O 

Wheat 8 A. 

3.36 

100 

Bariev T. 4. 

2.45 

73 

Taramira T. A. 

1.88 

56 

Gram T. 7 

1.89 

56 


The maximum rate of transpiration by 
barley was only 73 0 of wheat 8 A, while 
the rates by gram and taramira were 
even lower (56%). 


Total transpiration, dry-matter 

and grain-yield. 

Results for the four crops are summa¬ 
rised as percentages oil wheat 8 A. Mean 
values of the three years are given : 


TABLE NO. IV. iii. 25. 

Total transpiration, dry matter, and grain yield. 
(Percentage on wheat s A; mean of three years). 


Observation. 


Barley 
T. 4 


Taramira 
T. A. 


Gram 
T. 7. 



Dry-weight of: 

Leaves : HO 

plant : 84 

Yield of grain : 117 

Total transpiration : 74 


90 

61 

58 

41 

54 

38 

71 

46 


Gram occupied the lowest position 
among the four crops for the above obser¬ 
vations; wheat 8 A was at the top ex- 
• oept in the yield of grain, wherein it was 
definitely inferior to barley. Taramira 
was generally in an intermediate position 
between barley and gram, though the dry 
weight of leaves was greater for taramira 

r*) v —' 


than for barley while the yield of grain by 
taramira was only slightly superior to 
gram. 

Relation between dry-matter, yield and 
transpiration: The different ratios for 

the four crops are tabulated as means of 
the three years. 
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TABLE No. iii. 26. 

Ratios between dry-matter, yield, and transpiration. 

(Mean of 3 years). 



Ratios. 

Wheat 
8 A. 

Grain/ Leaf’ 

2.9 

(gms) (gms) 


Shoot/Grain 

1.7 

(gms) (gms) 


* Transpn./* Leaf ’ 

3.4 

(Ugms) (gms) 


* „ /Grain (gms) 

1.13 

* .. /Plant ( ,, ) 

0.39 


Barley 

T. 4. 

Taramira 

Gram 

T. A. 

T. 7. 

4.5 

1.2 

2.6 

0.9 

3.3 

1.0 

3.2 

2.6 

2.7 

0.72 

2.21 

0.97 

0.34 

0.46 

0.44 


* These values are not true ratios as one component is in ]<<r ms an( t , i. p 
other is m guts, but they are given here as ratios for convenience The 

values represent the water requirements in kgtns. of water transpired to 
produce 1 gm. ol dry-matter. 1 ° 


Leaf-grain efficiency was highest (4.5) 
ey and lowest for taramira (1.2); 
the difference between wheat and gram 
was only 0.3. 


Taramira produced more vegetative 
growth than grain compared to the other 
crops, the grain-to-sboot ratio being 3.3. 
I he lowest ratio (0.9) was obtained for 
barley, but it differed only by 0.1 from 
gram. The ratio of wheat (1.7) was higher 
than for gram (1.0). The order for the 
four crops is : 


Taramira ) wheat ) gram ) barlev. 

Taramira and gram transpired less 

water per unit leaf-dry-matter than wheat 

and barley. The differences, however, 
were small. 


Water economy, in relation to grai 
formed, was highest for barley (the trai 
piration ratio on grain being 0.72) close] 
followed by gram (0.97). Taramira w ; 
least efficient with a ratio of 2.21, ar 
wheat came next (1.13), The order , 
efficiency (lower ratios) is 


Barley ) Gram ) Wheat ) Taramira 

( 2 . 21 ) 


(0.72) 


(0.97) 


(1.13) 


Transpiration ratios on whole plant for 
taramira and gram were higher than 

those of barley and wheat. The differen¬ 
ces between the two crops of each pair 
were small. r 


General conclusions (Rabi crops). 

I. Early types of wheat, particular¬ 
ly »D. fared better than the late 
types, as the former transpired 
altogether less amount of water, 
yielded more grain in general, 
and possessed a better leaf-grain 
efficiency than the late types. 

‘2. The three types of gram were 
similar in their behaviour. 

Among the four crops, wheat, 
hurley, taramira, and gram, bar¬ 
ley fared the best as it yielded 
more grain, possessed a “better 
leaf-grain efficiency, as also a 


better water-economy on grain- 
basis than the other crops. 

4. Gram transpired the lowest total 
amount of water and it was next 
to barley in its water-economy in 
relation to grain. But its actual 
yield of grain was lower than 
wheat. 

5. Wheat yielded more than gram 
and taramira, but it Iranspired 
the largest amount of water com¬ 
pared to the other crops. 

6. Taramira was the poorest among 

the four crops regarding yield of 

grain, leaf-grain efficiency, and 

the water-economy. But it 

•/ 

transpired less total water than 
wheat or barley. 

# 

7. Thus the order of preference in 
general for the four crops for the 
locality, from the above studies, 

is : 

Barley — Wheat or Gram — Taramira. 

Brief resume of results and Discussion* 

It has already been pointed elsewhere 
that the south-eastern Punjab experiences 
frequent droughts during the cropping 
seasons, kharif and rabi, primarily due to 
failure of rains and also to hot dry wester¬ 
ly winds. During the period, 1038-40, 
crops in the locality failed altogether. The 
soil-moisture in the root-zone remained 
low. The weather was warm and dry. 
Observations on the behaviour of different 
types of the crops in the fields at the 
Research station during these severe 
weather conditions suggested the possibi¬ 
lity of selecting suitable types after a 
detailed study including their transpira¬ 
tion and water requirements under similar 
adverse conditions. It' is easy to main¬ 
tain tlie soil-moisture at a low level with¬ 
in limits, but it was not so, within the 
available facilities, to simulate the adverse 
climatic conditions. With regard to even 
the former factor, strong doubts were ex¬ 


pressed by other workers led by Veihme- 
yer (1927, 1929, etc.), regarding the feasi¬ 
bility of maintaining a low soil moisture 
throughout. This aspect of tne problem 
will be discussed in the next section <.IV.iv) 

In the present studies, data relating to 
transpiration, growth and water require¬ 
ments of some important types of the 
local crops are discussed. They were grown 
during the kharif and rabi seasons of 1940 
to 1943. The soil moisture was maintai¬ 
ned at 8^ (about 4% above the wilting 
coefficient) from sowing to harvest. As the 
distribution of soil moisture in the pots 
varied more with still lower levels of soil 
moisture, the latter were not tried. 

Literature relating to similar studie 8 
has been rather scanty. 

Kharif crops 1. Bajra. 

Rate of transpiration : Among the four 
types of bajra under study, the early type, 
Local, maintained a lower rate of transpi- i 
ration from sowing till harvest than the 
other three types, A. 1/3, B.S., and Leiah, 
which eared about two weeks later than 
the Local. The difference between the 
Local and late types, in their transpiration, 
was smaller in a drought year (1941) than 
either in a mild (1940) or a wet year 
(1942). It is apparently due to relatively 
much better growth of the late types than 
the Local during favourable weather. This 
was supported by the relative amounts oi 
total leaf-dry-matter of the four types. In 
1940, the mean percentage value for the 
leaf-dry* weight of the late types, A. 1/3 
and B.S , on Local was 183 o; in 1942, the 
wet year, the value for A. 1/3 was 161 % 
while in the drought year (1941), it was 
only 14 3 %. 

Among the four types, Local transpired 
altogether the lowest amount of water, in 
all the three years, the mean percentage 
values of the late types on Local being 
126 o, 113 o, and 104 ^ in the three years,. 

1940, 1941, and 1942 respectively. 

Growth and maturity: Total dry-weight 
of the plants was lower for Local than lor 
the late types. But the yield of grain by 
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Local was higher than by the late types 
except A. 1,3. More vegetative growth 
than grain was produced by the late types 
compared to Local, as the grain-to-shoot 
ratio was higher for the former. 

Water requirements: Bajra Local (the 

early type) transpired altogether more 

water (i) per unit leaf-dry-matter and 

(ii) per unit total dry-matter than the late 

tjpes, except Leiah ; the difference 

between Local and the late types was 

20 o to 30 in the first case; it was 

less than 13% in the second, except 

when the weather was wet as in 1142, 

when the water requirement of the late 

type A. 1/3 was only 82% of the Local. 

But the water requirement on grain-basis 

was definitely lower for the early type 

than for the late types (except Leiah in 

1940); the differences ranged between 10% 

and 47% between Local and the different 

late types in the three years. In a ‘wet ’ 

year, the water requirement on grain of 

bajra A. 1,3 (the late type) was only 82 " 
of Local. 

From the above, it is clear that under 
conditions of low moisture supplv, bajra 
Local transpired altogether less water. 
P lCk S \ tive growth, yielded 

generally better and showed a better eco¬ 
nomy of water in relation to erain-forma- 

tion than the other types which are late ; 
tne differences between the varieties for 
water requirement on plant basis were 
small and were in favour of the late types 
which, however, do not fare well in the 
ocality. Wet weather was unfavourable 
7 " rowth and maturity of bajra Local. 
Among the late types, bajra A. I 3 behaved 
better than the others. 


2. Juar. 

The three varieties under study, J.S. 
J 9, J.S. 21 and J.S. 20 possessed almost 
same giowlh period ; the difference in 

, 7 timc 0f earin g was only about a week 
between J.S. 100, the earliest, and J.S. 20 
latest. J 


The three types differed little among 
themselves regarding the rate of transpira¬ 
tion, total transpiration, growth and 
maturity. However, during the dry year 
11941), the values for witer requirement 
on leaf-basis and on shoot were t he lowest 
for J 8. 100 and the highest for J.S. 21. 
lhe differences between the types were 
significant for the water requirements on 
shoot; the values are 150 + 10, 4i3+3 and 

« |] ±15 for J.S. 21, J.S 20 and J.S. 100 

(the early type) respectively. The water 

requirements on shoot have been discussed 

as juar is grown in the locality chiefly 

for fodder. The values on plant-basis too 

show the same relationship between the 
types as on shoot. 


Ouara. No. 2. 


It is a slow-growing fodder crop and is 
harvested about a month later than the 
other two crops, bajra and juar. 

As its maturity period coincided with 
the post-monsoon dry weather in October 
us rate of transpiration during this period 
was high. It transpired altogether 39 kgms 

per pot with two plants, during the drv 
year, 1911, compared to 20 kgms. in the 

wet year, 1912. Total dry matter pro¬ 
duced by the plant and yield of «, ra in 
showed a similar trend in the three years 
but they wire not directly proportional 
o the total water transpired as indicated 
by the transpiration ratios. The ratio for 

grain was highest (2127) in the dry year 

L I, and lowest (13161 in the mild year’ 

1 * 1k ; ™tio for plant was higher both 

iu 19 11 (dry) and in 1942 (wet) -the 

values being 496 + 37 and 501+19 respec¬ 
tively than in the mild year (1910) 
when the value was 114+15. Thus the 
water economy of gunra- on plant basis 
was almost equally disturbed both by drv ' 
and wet weather. 

L Moth T. 3. 

The crop is grown both for fodder and 
gram which is used as a pulse. 

Moth T. % was studied during the wet 
year, l j 12 . Its growth period resembled 
that of guara and its rate of transpiration 


and other characters were similar to those 
of guar a. 

Summarising the discussion on the 
results of the khaiif crops under study, it 
is seen : 

1. The two leguminous crops, guara 
and moth, differed considerably 
from the millets, baira and juar, 
regarding their rate of tianspi- 
ration. growth, maturity and 
water repuirements. 

2. More water was altogether trans¬ 
pired per unit leaf- dry-weight 
by guara and moth than by the 
millets, juar and bajra, but the 
former produced more grain too 
per unit leaf-dry-weigbt except 
in the wet year (Guaia'. 

3. Among the four crops, juar pos¬ 
sessed the best leaf-transpiration 
efficiency (lowest value for the 

ratio). 

4. The water-economy of guara and 
moth on the basis of grain form¬ 
ed or on total dry-matter in the 
shoot was poor compared to ba jra 
and juar, the order of efficiency 
for ‘ grain basis being : 

Bajra ) Moth ) Guara. 
Juar is omitted due to improper 
maturity. On 1 shoot’-basis, the 
order of efficiency is : 

Juar ) Bajra ) Guara ) Moth. 

5. With the above results, it is diffi¬ 
cult to reconcile oneself to the 
actual behaviour of these crops 
in the locality. The deep-rooted 
(> 0 feet deep, according to ac¬ 
tual studies made in the fields) 
leguminous crops, guara and 
moth, grow better in the locality 
than the shallow-rooted ( i feet 
deep) bajra and juar. inspite of 
the fact that the water-economy 
of the former crops is of a lower 
order than that, of bajra and juar, 


A higher value for water require¬ 
ment on plant-basis, 1 hough it 
apparently indicates a lover 
water-economy, stems to be a - 
cliai acteristie of plants which 
grow r successfully in the dry-farm- 
ing areas. Comparing the two 
millets, bajra and juar, the higher 
value of bajra can be inter¬ 
preted as an inevitable concomit¬ 
ant feature of a relatively higher 
intensity of the net assimilation 
rate, an apparently characteristic 
feature of the quick-growing 
crops or their types which are 
generally suited to areas of low 
rainfall. But the high values 
for water requirements of guara 
and moth, the deep-rooted legu¬ 
minous crops, compared to those 
of the millets, w ould mean that 
the former could obtain a better 
w r a ter-supply even in ‘dry 5 years 
from the deeper moist soil zones 
and thus maintain, even under 
drought conditions, a high rate 
of transpiration, indicated by 
their higher values for water 
requirement per unit leaf-dry- 
matter, than by the millets. 


Rabi Crops: 1. Wheat- 

Two types of late wheat, 8 A and C 
18 and two of early wheat, 9 I) and Cwn 

3, were included in the present studies 

lining the rabi of I’-‘40-41, and 1941-4 
n 1 . 42 - 4 ’, only wheat 8 A and 9 D wer 
etained. The maximum difference in the 
ime of earing between the earliest a^icl 
atest wheat amounted to about •» week.. 

Transpiration, growth and maturity: 

As the maturity period of the late 
cheats, 8 A and C, 518. coincided ' * 

he early summer conditions ,n Al|r l t -5 

,eriod than the early types "h'jj 
ompleting their life cycle then Foi 

Dime reason, totrl transpnatmn^ by^ ^ 

loi lower than by the late types. The 


.144 


differences between the two types of each 
group, early and late, were small. 

The total dry-matter formed in the 
plants was related to the length of the 
growth period, 8 A giving the largest 
amount, and Cwn. 18 the least. However, 
the order for the grain-yields was distur¬ 
bed. In 1941-42, when figures lor the 
four types were available, the grain-yields 
by C. 518, 9 D. and Own. 13 amounted to 
112%, 112/o, and 101% respectively on the 

yield of 8 A. The relatively intermediate 
%• %/ 

types, C. 518 and 9 D, fared better than 
the extreme types, 8 A (latest) and Cwn. 

1 3 (the earliest). 

The leaf-do-grain ratios of the four 
types was closely related to their earliness 
during both 1940-41 and 1941-42, the 
ratios for the second year being 2.7 (.8 A\ 


3.4 (C. 518), 4.0 (9 D), and 5.6 

(Cwn. 13). 

The grain-to-shoot ratio was the highest 
for wheat 8 A. The differences between 
the other three types were small. 

The general trend of the varietal differ¬ 
ences was not altered by the weather 
conditions met with in the three rabi 
seasons. 

Water requirements: The amount of 
water transpired per unit leaf-dry-matt-er 
increased with earliness of the types. On 
grain-basis, the trend for the values was 
reversed, though the differences between 

’ o 

the types were small. On plant-basis, the 
differences were negligible, as seen from 
tlie mean figures for the two years, 
1940-41 and 1941-42 : 


TABLE No. IV, iii. 27. 

Water requirements of the four Wheat types. 

(in kgms. of water lost per lgm. of dry-wt). 
(Mean for 1940-41 & 1941-42). 


Water requirement 



Wheat 


(in kgfns.) on : 

8 A. 

C. 518. 9 F>. 

Cwn. 13. 


kgms. 

kgms. 

kgms. 

kgms. 

Leaf-dry-weight : 

2.85 

3.37 

3.81 

4.05 

Grain : 

1.10 

0.94 

0.86 

0.84 

Plant-dry-weight: 

0.36 

0.37 

0.36 

0.35 


From a reference to the detailed results 
given in Statement IV. iii. 2. it is seen that 
in general the varieties behaved in a similar 
way in the two years, 1940-41 and 1941-42, 
showing that the weather conditions, met 
with in the two rabi seasons, did not in¬ 
fluence • he relative behaviour of the four 
varieties to any marked extent. 


2. Gram 

The two types of gram, T. 7 and T. 17, 
differed little from each other regardin'' 
their growth and maturity, but the third 

type, I. P 58, was earlier than the above 
two by about a wfeek. 

Transpiration : The weekly rate of 
transpirttion by tlie three types Was 
almost the same throughout their life- 
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period. The total transpiration by T. 17 

was 89 o oi that by T 7 (mean of two 

years), while I P. 58 transpired altogether 

91 1 ', of T. 7 (mean of three years). 

« ' 

Growth and maturity : The differences 
between the types regarding the total dry- 
weight of the plants were small and were 
not consistent in the three years. 

In 1940-41, T. 17 and I. P. 58 yielded 

only *8°,, and 76 of grain respectively 
when compared to T. 7. However, in 
1941-42, when the weather was cool and 
cloudy during the flowering period, the 
former two types gave 17°, and 9°, more 
grain than T. 7. 

Water requirements: The differences 
between the three varieties for their water- 
requirements on grain and on plant were 
small and varied from year to year. 

Comparison of the rabi crops- 

Besides the different types of wheat- and 
gram, one each of barley <T. 4) and of 
Taramira (T. A) were included in 1 he pre¬ 
sent studies. A comparison is made now 
of the tour rabi crops, wheat (8 A), gram 
(T. 7), barley (T. 4) and taramira (T. A), 
which were studied during the three years, 
1940-43. 

The curves tor rate of transpiration by 
the four crops followed almost the same 
course but the quicker growing barley 
maintained a higher rate than wheat 
during the early stages. Gram transpired 
throughout at a lower level than the other 
crops. The maximum weekly rate of trans¬ 
piration by taramira and by gram was 
only about 56°/. of wheat (mean of the 
three years), while it was 73'*,. for barley. 
The peak level of transpiration by wheat 
coincided with the early summer condi¬ 
tions, while the other crops escaped the 
same. 

total transpiration was not entirely 
related to the early or late nature of the 
crops, nor even proportional to the gro¬ 
wth of the plants. Gram was apparently 
more susceptible to the experimental con¬ 


dition of low moisture supply than Tara¬ 
mira as the former produced only 4l% of 
dry-matter compared to wheat, while tara¬ 
mira produced 58% ; the value for barley 
was 84%. However, barley yielded 17% 
more grain than wheat; taramira yielded 
46% and gram 62% less than wheat. Thus 
gram and taramira suffered most under 
the experimental, conditions regarding 

yield of grain ; barley fared better than 
wheat. 

Barley possessed the best leaf-grain 
efficiency, the ratio being 4. 5, compared 
to 2. 9 for wheat, 2. 6 for gram, and 1. 2 
for taramira. The grain-to-shoot ratio 
was nhe lowest for barley (O. 9) and 
highest for taramira (3. 3). 

Taramira was wasteful regarding its 
water-economy in relation to grain-yield 
or total dry-matter formed ; barley was 
the most economical of the four crops 
followed by gram. 

Literature relating to the influence of 
low moisture supply, maintained through¬ 
out the life-cycle of plants, on transpira¬ 
tion and water requirements of different 
crop plants and their types, has been 
meagre. Moreover, the types of the crops 
and some of the crops themselves, eg., 
taramira (oil-seed), included in the present 
studies, are chiefly of local importance 
and have not been studied so far. Thus 
a comparison of the results obtained in 
the present studies with those of others 
becomes difficult. 

From his studies on two varieties of 
Pinus, Schopmeyer (1939) concludes that, 
with low water supply, the more drought- 
resistant short-leaf pine lias a higher rate 
of transpiration than the Loblobby pine, 
showing that the former was not retar¬ 
ding transpiration under conditions of 
stress. He studied the daily rate of 
transpiration (on dry matter in leaves) by 
Ihe two varieties, as the soil moisture was 
gradually depleted from the optimum level 
to the wilting coefficient. Maximov (1929) 
came to a similar conclusion, much earlier. 


I \ \ ’ 

However, the present studies do not show 
clearly the varietal differences for the 
various crops investigated except in the 
case of bajra Local, which maintained, 
generally a lower rate of transpiration 
than the other types of bajra. Growth of 
bajra Local was poor compared to the 
other types under the present experi¬ 
mental conditions with low water-supply. 
Would it mean that the Local is less 
* drought-resistant* than other types? 
The comparatively better growth and 
maturity of the Local under adverse 

4 / 

weather and soil conditions in tlie field 
shows it to be otherwise. 

It is possible that the intensity of trans¬ 
piration by bajra Local might be higher 
than that of the other types. Intensity of 
transpiration could not be studied in any 
of the experiments reported herein due 
to the difficulties already mentioned under 
Methods and Material in Part I. 

In order to confirm the extensive work 
of Oilman (193!) which indicated a lower 
transpiration ratio for certain grasses, 
which were therefore considered by him to 
he more efficient, Bailey (1940) studied, 
during 1938, the transpiration ratios of 
two species of Agropyron and one of 
Bromus, (i) with optimum water supply 
and (ii) with low supply. Considering his 
data on the low water-supply, it is seen 
that the two species of Agropyron, ciliare 
and smithii, showed no difference in their 
transpiration ratios, the values being 
152 + 4 and 155 + 6 respectively. However, 
the ratio of Bromus marginatus, the third 
grass studied by him was significantly 
higher than the other two. the value being 


203;+10. The transpiration ratio was 
calculated on whole plant. The results 
obtained in the present studies on the 
water requirements (transpiration ratios^ 
on whole plant indicate that,except bet¬ 
ween bajra Local and bajra A. 13. the 
varietal differences were small, and varied 
with the weather: bajra Local, an early 
type, gave consistently higher values than 
those of A. 1/3 during the three years, the 
mean values being 297 and 2‘*9 respec¬ 
tive! v. 

Richardson (1923) pointed out that, in 
the case of field crops grown for their 
grain, a study of their water requirements 
on urain-basis would give more useful 
information on the efficiency of the crops 
or their types. Considering the present 
data, which have already been explained 
in great detail, it is seen that, in general, 
the early types of bajra and wheat gave 
lower water requirements on grain than 
the respective late types : the values 
(mean of three years» are 1198 and 1330 
tor bajra Local (early type) and bajra 
A. 1 3 (late), and 897 and 1134 for wheat 
9 D (early) and wheat 8 A (late), respec¬ 
tively. 

It was observed by several workers that 
though tlie varietal differences for water 
requirements on >..plant-hasis might be 
negligible, tlie'differences between crops 
were often m irked. Their studies, however, 
related to conditions of goo 1 water supply 
except in the work of Bailey (1910) on 
grasses. The water requirements on plant- 
basis of the crops grown with low water 
supply in the present studies are summa¬ 
rised : 
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TABLE IV. iii. 28. 

Water requirements of the different crops grown with low water-supply. 

(Mean of 3 years). 


W. R. on 


Kharif crops. 

* < • • • • • - • ••• 



Rabi 

crops. 



Bajra 

Juar Guara 

Moth* 

Wheat 

Barley 

Gram 

Taramira. 

Plant : 

293 

265 480 

507 

372 

343 

413 

459 

Grain : 

1508 

? 1714 

1474 

953 

724 

946 

2208 


r 

I 


i: Moth : Values of one year only. 


The usual unconventional and perhaps 
unscientific method of pooling all the 
values obtained for each crop, irrespective 
of other experimental conditions, adopted 
by Briggs and Shantz (1913, etc.,), Maxi¬ 
mov (1929), Leather (19L0, 1911), and 
others, has been followed in tabulating the 
above results. The values on grain-basis 
for juar are omitted as maturity was 
imperfect. 

4 “ 

The order- of efficiency based on the 
water requirements is: 


Kliarif crops: 


On plant: Juar) Bajra) 

Guar a) Moth. 


Bftbi crops : 

•» 


On grain: Moth) Bajra) 

... Guara. 

On Plant: Barley) Wheat) 

Gram) Tamarima. 

(Jn grain ; Barley) gram - 

Wheat) Taramira. 


The deep-rooted crops, guara and tara¬ 
mira, gave higher values than the shallow- 
rooted crops, the cereals and the millets. 


The above results are not strictly com¬ 
parable with those of the other workers, 
as the latter maintained optimum water 
supply to the plants. Results obtained 
with optimum Water supply have ahead}' 
been discussed for the major crops, bajra, 
juar. wheat and gram in Part II. For 
the remaining crops, according to Leather 
(1910). the average water requirements of 
guara and barley on shoot basis were 1100 


and 080 respectively compared to 526 and 
057 obtained in the present studies on the 
same basis. The higher values of Leather 
might be partly attributed to the optimum 
water supply in his studies. The average 
value of 350 obtained by Richardson 
(1923) for the water requirement of barley 
on plant, compares favourably with the 
value of 343 of the present studies. 
According to Singh, et al (19 -5), who 
carried out a ‘comprehensive’ study of the 
water requirements of a large number of 
crop plants and their important types, 
apparently during one year, the mean 
water requirement of barley Own. 225 on 
whole plant was 601 4* 6, which is nearer 
to the value obtained by Leather. It is 
interesting to note that, in their (Singh, et 
al) apparent enthusiasm for their re¬ 
searches. they seem to transcend all limits 

V 

of scientific accuracy of statement when 
they say : “ In the course of experimenta¬ 

tion extendihg throughout the life-cycle 
of each crop, the water transpired by the 
plants and dry matter produced are. 
simultaneously measured from hour to 
hour ” ! (The under-lining is done by the 
present author.) It is hoped that the 
same was actually carried out from hour 
to hour, though neither the data nor any 
conclusions were given by the authors. 

Conclusions. 

A study was made of the march of tran¬ 
spiration! growth, maturity and water 
requirements of promising types of kharif 
and rabi crops of the locxlity, grown with 
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low moisture-supply (8% soil moisture i.e., 
about 4% above the wilting coefficient of 
the soil). The results lead to the following 
broad conclusions: 

1. Earliness in earing or flowering 
influences all the characters under 
study, of the crops and their 
types, particularly of bajra Local 
(the early type) compared to 
bajra A, 1/3 (the late type). Kate 
of transpiration by Local was 
lower, growth was poorer, matu¬ 
rity apparently better, and water 
requirements higher than for 
A. 1/3. The differences between 
the varieties of juar, wheat and 
gram were small and irregular. 

2. Juar proved to be the best fodder 
crop as its total dry-matter was 
greater than that of the other 
kharif crops and its water re¬ 
quirement on shoot-basis was 
was lower. But it transpired 
altogether more water than the 
other kharif crops, except guara 
in a ' dry year. Moreover, it 
failed to mature properly. 

3. Bajra is apparently best suited 

to the locality due to its quicker 

growth, better maturity and 
. %/ 

lower total water-expenditure 
than the other kharif crops, ft 
is noteworthy that its water re¬ 
quirement on plant was higher 
than that of juar. 

f i ^ 

• • • 1 

4. Maturity of guara and moth, 
compared to the other crops, was 
better ; the former transpired 
altogether more water than bajra ; 


their water-economy was the 
lowest among the four kharif 
crops. Under field conditions, 
they fare better than the other 
crops during drought due to 
their deep root-system G feet 

deep) which taps the deeper moist 
soil. 

o. Among the rabi crops, barley 
grew quicker and matured better 
than wheat: its water require¬ 
ment was the lowest ; however, 
the total water-loss was greater 
than that by gram or by taramira. 

f>. Growth and maturity of wheat 
were better than of gram or of 
taramira; it possessed a better 
water-economy but it transpired 
the most among the rabi crops. 

7. Gram, the rabi legume, is a favou¬ 
rite crop ol the locality, but, 

under experimental conditions., its 

growth was poor, though relat¬ 
ively it matured better. Its total 
water-loss was the lowest a morn- 
the four rabi crops. It fares 
better under field conditions due 
to its root-system which is deeper 
than that that of the cereals, and 
also to its low transpiration. 

8. Growth and maturity of taram¬ 
ira were j oor under the experi¬ 
mental conditions. Its water- 
economy was the lowest among 
the rabi crops. But it is widely 
grown in ‘dry’ areas because it 
sends its roots to depths greater 
than even 7 feet. 


PART IV. Section iv 


Effect of different levels of moisture-supply on Rate of Transpiration arid 

Water Requirements of Bajra Local 


Introduction. 

According to Veihmeyer & Hendrickson 
(1927) and Hendrickson and Veihmeyer 
(1941\ moisture content of the soil in pots 
cannot be uniformly maintained at any 
particular level below the field capacity of 
the soil but it can be kept up at any range 
extending from the field capacity of the 
soil to any lower level;. thus whenever the 
soil moisture is reduced from the field 
capacity to the desired lower level, due to 
transpiration by the plant growing in the 
pot, a calculat ed amount of water is added 
to the soil on the surface, sufficient to 
bring the whole soil-mass to its field capa- 
city. This process is repeated to maintain 
the desired range of soil moisture through¬ 
out the life cycle of the plant. 

They also pointed out that the growth 
of a plant is not affected by variations in 
the moisture content of the soil, so long 
as it is above the wilting coefficient. 

In order to investigate the truth of the 
statements by Veihmeyer and his co- 
workers, transpiration, growth and water 
requirement of bajra Local were studied 
during kharif 1938 with the following 
treatments : 

Moisture-content of the soil in the pots 
was maintained throughout the life-cycle 

of the plants at : 

(i) the optimum level (13%), 

(ii) the lov level (8V,), and 

(iii) a range extending from 17% 
(field capacity of the soil) to 0 „ 


(i.e., 2% above the wilting coeffi¬ 
cient of the soil). 

The system of watering adopted in (i) 
and (ii) was through irrigators, 
the same as has been followed in 
the present studies; in (iii) how¬ 
ever, surface-watering was adop¬ 
ted, as suggested by Veihmeyer 
(J927) and Veihmeyer and Hend¬ 
rickson (1927). The usual pre¬ 
cautions were taken to minimise 
the loss of water due to evaporat¬ 
ion from the soil by covering the 
soil with a layer of sand and a 
tight celotex cover. 

Seeds of bajra Local were sown on 24th 
June, 1942. in pots (galvanised iron, 
12"xl8'') with five replications. Two 
plants per pot were grown to maturity. 

Results 

(Statement IV. iv; Fig. IV. iv.) 

Weather: Weather was unusull 3 r moist 
during kharif 1942. Weekly evaporation 
from Piche’s evaporimeter during the 
cropping period remained mostly below 
50cc. and it went frequently below even 
20cc. 

Rate of transpiration : The curves for 
rate of transpiration by bajra Local with 
the three treatments of moisture-supply, 
followed practically the same course. 
Plants grown with the low supply (^) 

transpired at the lowest rate except at the 
final stage of maturity (13th and 14th 
week after sowing) when the rate was 
slightly higher than by plants grown vith 
17 %-0'V range of soil moisture. 
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Till the earing stage (7th week after 

sowing), the curve for 17°',- 6 c range 

remained at a slightly higher level than 

that for the 13% soil moisture. Later on, 

the curve for the former went down below 
that of 18°'., 


Plants grown with the 17%— 0 % range, 
seemed to receive a set-back as the soil 
moisture reached the lower limit; some of 
the leaves dried up at this time. The 
following figures indicate t he change in the 
rate of transpiration. 


TABLE No. IV, iv. 1. 


Weekly transpiration by Bajra Local and evaporat. 
(Iranspn.: Mean in gms. per pot with 2 plants) 


ion. 



During week 
after sowing: 


7th week 
8th week 
9th week 


Transpiration with 

soil moisture : 

13% 

V C°. 

GO 

17%-6% 

gms. 

gms. 

gms. 

3024 

1617 

3560 

2250 

1389 

1 746* 

2064 

1210 

2127 


Evaporation. 


8th week 
9th week 


O' 

Jo 

•25 

-9 


■ or nse ( + ) over previous week 


vc. 

42 

21 

25 




• * 


O 


14 

13 


"Soil moisture raised from 6% to 17% by watering. 


— 51 
+ 22 


-50 
+ 10 


It may be noted that the soil moisture 
tn the treatment, 17%- 6%, went down to 
(i ‘ by the end of the 8th weik after 
sowing when it was raised again to 17"-. 
The results indicate : 

Weather became more moist during the 
8th week compared to the previous week ; 
weekly evaporation went down by 50",' 
irom the 7th to the 8th week ; in the 9th 
week, there was a slight increase (19° 0 ) in 
the rate of evaporation. 

Corresponding to a fall in evaporation 
< wring the 8th week, transpiration also 
went down by 25".;, 1 4% and 51% respecti¬ 
vely m the three treatments. Plants 
growing with low soil moisture- i8> ) conti¬ 
nuously, responded least (—l4"„i to the 
environment. The largest fall in transpi¬ 
ration ( 51%) was shown by the treat- 

-SHt'-moisture range : apart 
. b, S falt eould be attributed to tire 
rapidly depleting soil moisture in these 


pots which reached the 6% level ( i e 2 «' 
«'>°vo the wilting coefficient of the soil)' 
during this week (8th week). That there 
f water-strain for the plants of 
this treatment at the time is further 
shovn by the rise in transpiration by 22 

due to 7 • f ° II T ing week (8th week) 
due to watering the soil to raise its mois¬ 
ture-content to 17%. There was no simSar 
rise m transpiration in the other two treat- 

tdieh-tr 3 • ^ 8% S0il "-Istures) bit 

t 1 f. nsi,lratlon continued to go down 

the two treatments. Evaporation dunl 
lomllcc st ° Sh ?r d a Slight iacn ***°’ 

horn 21cc (8th week) to 25cc (9th week. • 

the fall m transpiration, mentioned in th ’ 

residuaV'm CaSeS ’ may be attributed to * 

resuual or carry-over effect ofthe weather 
conditions of the previous week * 

Total transpiration .- The figures for the 
three treatments are tabulated, 


TABLE No. IV. iv. 2. 


Total transpiration (in kgins. per pot with 2 plants) by Bajra Local. 

(Mean of 5 values). 


Total transpiration by 


Bajra Local: 


Soil-moisture-content : 


13% 

8% 

# 

17 %— 6% 

kgms. 

kgms. 

kgms. 

18.22 

10.87 

18.69 



With either 13% or 17%-6%soil moisture, 
total transpiration was practically the 
same. With 8% soil moisture, however, 
total transpiration was low, about 5 9% of 

the average value of the other two treat- 

v —* 

ments. 


Dry-nu tter-formation: With the low mois¬ 
ture supply (8%) 
growth of plants was comparatively poor. 
Accumulation of dry-matter was greater 
in plants with 17%—6% than with 13% soil 

moisture. The results on growth and yield 

are summarised : 


TABLE No. IV. iv. 3. 


Dry-matter and grain-yield bj T Bajra Local. 



on ‘ 13% \ 


Observation. 

13",; 

$ 

8% 


8 '\, 

4 


Dry-wt. Leaves: 

gms 

15.8 

gms 

7.1 

gms 

19.6 

o/ 

/o 

45 

o 

/<> 

124 

X Shoot: 

64.9 

40.4 

72 3 

62 

111 

Plant : 

75.7 

47.2 

8 ‘ .0 

62 

112 

Grain: 

J 4 6 

11.0 

12.3 

75 

4 

Grain-to-shoot ratio : 

3.4 

2.7 

4.9 

79 

144 


X ‘ Shoot ’ includes grain also. 



Assuming that the 13% soil moisture 
was optimum for normal growth and 
maturity of the plants, the results obtained 
for the other two treatments were calcu¬ 
lated as percentages on those for 13% 
treatment.. The results indicate : 

1. The dry weight of leaves, shoot, 
or whole plant was highest with 
the ;7°;-6% treatment and least 
with the 8% soil moisture. 


*> 


.*> 


Yield of grain was highest 
(14.6gms) with 13% and lowest 
with 8% soil moisture (U.Ogms). 
The differences were not as 
mar ked r s in div-weight of leaves, 


c • 


ain-to-shoot ratios indicate 
at vege tative growth, compered 
grain-yield, a as greatest with 
%_G% treatment and least with 



4. Though 19.6gms. of total leaf- 
dry-matter was formed in plants 
grown with 17%—6% soil moisture 
compared to 15.8gms. in plants 
with the 13% soil moisture, total 
transpiration by plants in the 
two treatments was almost the 
same, the values being 18.69kgms. 
and i8.22kgms. respectively. This 

would indicate that more leaves 
were formed in the 17%-G% treat¬ 
ment when the soil moisture re¬ 
mained nearer 17%, but as it went 
down to the lower limit ( 6 %), all 

these leaves could not remain 
green due to water-strain 


These results seem to disprove Veih- 
meyer’s contention that plant-growth is 
not affected by changes in soil-moisture as 
long as it remained above the wilting coe¬ 
fficient of the soil. 

Water requirements: The three treat¬ 
ments did not re¬ 
sult in altering the water requirement on 
shoot or on whole plant basis. The appa¬ 
rently large differences between the treat¬ 
ments for water requirement on leaves or 
on grain were mostly not statistically 
significant due to high standard errors; 
the small differences between the treat¬ 
ments for the water repuirements on 
whole plant arc also not statistically 
significant. The results are summarised: 


i 



TABLE No. IV. iv 



Water requirements of Bajra Local with different levels of soil moisture. 


(Mean of 5 values). 


Water requirement on 

Soil-moisture-content 

• 

• 

13%. 

8 %. 

l7%-6%. 

‘ leaves ’ 

1192 

1496 

964 


+ 80 

+ 136 

+ 44 

* Grain 5 

1382 

900 

1641 


+ 254 

± 68 

±256 

‘ Plant ’ 

241 

233 

222 


+ 9 

± 12 

+ 11 


Discussion 

Rate of transpiration : Till about the 7th 
week after sowing, the plants in the 17%- 
h% treatment were transpiring at a higher 
rate than those in the 13% and the 8 % 
treatments It was due to the initial high 
level of soil moisture (17%) in the first set. 
As the soil moisture in these pots went 
down to 0 % the rate of transpiration also 
declined. This observation is in agreement 
with the results of several workers indu¬ 
ing Schopmeyer (1939 • and Martin (1940). 
These authors adopted the watering tech¬ 
nique suggested by Veihmeyer (i927) ie., 
maintaining a soil moisture from the field 


capacity to a level above the wilting 
coefficient. A lowering of the rate of 
transpiration even when the soil moisturs 
was still above the wilting coefficient ie 
contrary to the views of Veihmeyer 
(1927), Veihmeyer and Hendrickson (1927). 
From their studies on orchard trees, Hen¬ 
drickson and Veihmeyer ( 929, 19 U, 1934 
and 19 .7) conclude that “trees either have 
readily available water or have not”. 
Schopmeyer, who was inclined towards 
the Veihmeyer’s view, tried to explain 
away the fall in rate of transpiration, 
actually observed in his studies, with the 
lowering of the soil moisture ; he assumed 
that some of the roots were put out of 


20 ' 
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action as the soil moisture was reaching 
the wilting coefficient. Even if it is agreed 
that his assumption regarding the roots is 
correct, it would indicate that either the 
roots died even when the moisture-content 
was still above the wilting coefficient, or 
that, even with Veihmeyer’s technique of 
Catering, the distribution of moisture in 
the soil was not uniform, as, in some 
parts of the soil, the moisture-content 
should have gone down below the wilting 
Coefficient leading to the death of the 
roots therein. Martin, however, conclu¬ 


ded from his studies that the rate of 
transpiration was ordinarily affected when 
about two-third of the available soil mois¬ 
ture had been removed, which is in com¬ 
plete agreement with the results of the 
present studies. 

Growth and maturity : The total dry- 
matter formed by bajra Local was greater 
for the 17%-6% treatment than for even 
the 13% treatment which was considered 
to be the optimum level. The following 
figures would be helpful in understanding 
the differences between the treatments. 


TABLE No. IV. iv. 4. 



atter formation and total transpiration. 

(Bajra Local) 



Soil-moisture. 


Dry-weight of 


Leaves. Plant. 


Total transpiration 



gms. 

gms. 

kgms. 

(i) 13%. 

15.8 

75.7 

18.2 

(ii) 17%-6%. 

19.6 

85.0 

18.7 

(iii) 8%___ 

7.1 

47.2 

10.9 

Percentage of: 

% 

% 

% 

103 

(ii) on (i) 

124 

112 

(iii) on (i). 

45 

61 

60 

The results indicate : 


adversely affected 

when the 


1. Plants with the 17%-6% treatment 
formed more foliage, apparently when the 
soil n loisture remained high, than even 
with 13%. But some of the leaves of 
the former treatment dried up as the 
moisture-content went down to 6%. This 
is supported by the percentage values of 
112 for total transpiration and of 103 for 
total dry-matter compared to 124% for 
the total leaf-dry-weight. 

2. With the 8% soil moisture, growth 
was poor and total transpiration was also 
low. 

It can, thus, be concluded that growth 
ahd transpiration by bajra Looal were 


V " vuu »» JT- 

level, even though it had not reached the 
wilting coefficient. According to Hendrick¬ 
son and Veilimeyer, growth of fruit trees 
was not affected by the soil-holard so long 
as it was above the wilting coefficient. 
This conclusion was supported by Beckett, 
Blaney and Tay*or (1930), though Lewis, 
Work and Aldrich (1934-35) and Work and 
Lewis (1936) found that the growth rate 
of fruits was reduced whenever the soil 
moisture went down below 70% of the 
available water. The conclusions of the 
above authors relate to field conditions. 
Martin (If 40), from his pot culture studies 
observed that the lower soil-holard resul¬ 
ted in reduced growth of sunflower plants. 



The yield of grain by bajra Local was 
greater by 12% with the optimum water- 
supply (13%) than with the 17%-6% supply, 
the mean values per pot being 14.6 gms and 
12.3 gms. Plants receiving the low water- 
supply 8%) yielded only 11.0 gms. Thus 
it is clear that maturity of the plants was 
also adversely affected, when the water- 
supply was not optimum. 

Water requirement: The amount of 
water transpired by bajra Local per unit 
dry matter showed small differences bet¬ 
ween the treatments. The differences are 
not statistically significant. The values 
for the three treatments, 13%, l7%-6%, 
and 8%, are 241 + 9, 222+11 and 233J.12. 
The effect of different levels of water 
supply on the water requirements of diffe¬ 
rent crops and their varieties has already 
been fully discussed in Part IV, Section ii. 
However, it is intended to examine criti¬ 
cally the results obtained by Martin < 1940) 
who conducted two sets of experiments 


in pot cultures with sunflower. The treat¬ 
ments regarding w'ater-supply are: 


1st set: 


(i) The soil holard was raa/w^ 
tained above 14% (optimum 
level) by frequent watering. 


(ii) The soil holard wa 9 main¬ 
tained between 18% (field 
capacity) and 10% (i.e.., 3% 
above the wilting coefficient) 

The experiment was repeated thrice but 
with different sowing dates Veihmeyer’s 
technique of irrigation was adopted. 

JInd set : Initial soil holard of 

(i) 11% (ii) 14% (iiij 17%, and fiv) 20%; 
no further watering of the pots was done; 
the experiment was repeated twice, again 
with different sowing dates. Six replica¬ 
tions were maintained, but the standard 
errors were not given. The results obtai¬ 
ned for water requirements are tabulated 
along with those of the present studies ; 


TABLE No. IV. iv. 5. 


Water requirements of sunflower (Martin, 1940). 
and of bajra Local (present studies). 


Details. 


Soil holard: 



Above 14%. 18% 

lo 10%. 

Martin (1940): 




W. R. of Sunflower: 



Set I. Expt. 

i. 

227 

189 

Expt. 

ii. 

240 

235 

Expt. 

hi. 

267 

239 

Mean. 


245 

221 



11% 14% 17% 

20% 

Set II. Expt. 

I. 

174 177 177 

186 

Expt. 

II. 

236 227 223 

221 

Mean. 


205 202 200 

203 



13%. __ 17%-6%. 

OO 

^ O 

• 

Present studies: 



W. R. of Bajra Local: 

249 + 9 222 ^11 

233 _23 
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Martin concluded that in the first set, 
the water requirement was lowered with 
reduced water-supply (18%—10%). though 
only small differences were noted in two of 
the three experiments of the 1st set : it is 
not possible to find out whether these 
differences are statistically significant, as 
the standard errors are not given, though 
it was claimed that six replications were 
maintained. In the second set, the water 
requirement was not influenced by the 
different initial soil holards. At the end, 


however, he points out again that gene¬ 
rally the water requirement is lower with 
lower water-supply. Apparently he could 
not resist the temptation of falling in 
line with the large amount of evidence 
gathered by the previous workers in sup¬ 
port of this conclusion. In the present 
experiment with bajra Local, the water- 
requirement was not influenced by the 
variations in the water-supply as differen¬ 
ces between the treatments are small and 
are not statistically significant. 


Summary and Conclusions 

The influence of three different levels of 
soil moisture (13% throughout, 8% through¬ 
out, and a range of 17% the field capacity of 
the soil-to 6% ie., 2% above the wilting 
coefficient of the soil) was studied during 
kharif 1942, on transpiraticn, growth and 
water requirement of bajra Local. 


The march of transpiration was similar 
for the three treatments. Plants with 8% 
soil moisture transpired at a lower rate 
than with the other two treatments. Till 
the earing stage, the curve for transpira¬ 
tion for the 17%-6% treatment remained 
at a higher level than for the 13% soil 


moisture, though later on the former curve 
went down. 

As the soil moisture went down to 6% in 
the 17%-6% treatment, the rate of trans- } 
piration also went down, apparently 
because water-supply to plants at such a 
ow soil moisture (6%) was not adequate. 

Total transpiration was almost the same 
(about 18 kgms.) for 13% and 17%-6% 
treatments, while it was only 10.9 kgms. 
with the 8% treatment. 

Among the three treatments, 8% soil 
moisture gave the lowest amount of dry- 
matter in leaves, shoot, or whole plant 
and highest amount resulted with the 17% 

-6% treatment. Yields of grain, however, 
did not follow the above order. The}" 
were 14.6 gms., 11.0 gms., and 12.3 gins., 
per pot with two plants for the three 
treatments, 13%, 8%,and 17%-6% respective¬ 
ly. The grain-to-shoot ratio was the high¬ 
est (4.9) for the l7%-6%, and the lowest 
(2.7) for the 8% treatment. 

Water requirements on grain or on plant 
were not significanty altered by the treat 
ments. 

The following conclusions can bo drawn- 

1. Growth and maturity as also rate 
of transpiration by bajra Local 
were affected by the amount of 
available water in the soil, thus 
disproving Veihmeyer’s conten¬ 
tion to the contrary. 

2. The different levels of soil mois¬ 
ture did not alter the water 
requirements of bajra Local. 
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PART XV. 


!> 

General Conclusions. 


The experiments described in this part 
were intended mainly to gather informa¬ 
tion regarding the response of the import¬ 
ant crops of the locality to : 

i. a small reduction in the soil 
moisture i.e., from 13%, on oven- 
dry basis, (optimum level) to 10% 
(a) during the stem-elongation 
stage of the plants—‘L.V.’ (b) 
from the beginning of September 
for the kharif crop plants and 
middle of February for rabi 
plants till their maturity—‘L.GV, 

y and (c) from the time of emer- 

> gence of the first ear or opening 

of the first flower till maturity— 

‘L.E.*; 

ii. a continuous supply of the lower 
level of soil moisture (8%) from 
sowing to harvest compared to 
a continuous supply of optimum 
soil moisture (13%); 

iii. low soil moisture (8%) maintained 
from sowing to harvest of pro¬ 
mising strains of the different 
crops of the ’ocality. 

The above treatments were designed 
mainly to simulate field conditions in the 
locality rather than to investigate either 
the critical periods in the growth of the 
crop plants or even to obtain information 
on the effect of different levels of soil 
moisture on growth, transpiration, etc, of 
different plants The latter aspects of 
the problem have already been studied by 
different workers and the results are 
V generally of theoretical significance. 

Besides the above treatments, an ex¬ 
periment was laid out to verify the con¬ 
tention of Veihmeyer and his co-workers 


by a comparative study of the effect of (a) 
a range of soil moisture from the field 
capacity (17%) to 6% which is a i it tie above 
the wilting co-efficient, 4%, (b) optimum 
soil moisture (13%) throughout, and (c) a 
low level of soil moisture (8%) throughout. 
The results are included in Section iv. 

The conclusions are: 

1. Early varieties, like bajra Local 
and wheat 9D, behaved better 
than the respective late types, 
bajra A. 1/3 and wheat 8A, under 
adverse environmental conditions, 
soil and climatic; these condi¬ 
tions are generally met with in 
the locality during the post-mon¬ 
soon period for the kharif season 
and the early summer period for 
the rabi season and they coincide 
with the maturity of the late 
types. The yield of* grain and the 
leaf-to-gi ain ratios of the early 
types were greater than those of 
1 he late types ; but their water- 
economy in relation to the whole 
plant was poorer than of the late 
types. The early types are sus¬ 
ceptible to intermittent droughts, 
particularly if the latter coincide 
with the pre-earing stage. 

2. In a similar wa} r , early crops 
(bajra and gram), compared to 
the late ones (juar and wheat), 
escaped the adverse weather con¬ 
ditions and matured better in 
the locality; here again, the 
water requirements of the early 
crops were higher than those of 
the late ones. 

Growth and maturity were influ¬ 
enced by the available water- 
supply. Both were reduced with 


lower water-supply; but relative¬ 
ly, growth suffered more than 
maturity. The varietal or crop- 
response to the low water-supply 
was influenced to a great extent 
by the climatic conditions. 

4, With low water-supply, juar 
among .the kharif crops (bajra, 
juar, guara, and moth) proved to 
be the best fodder crop, as its 
total dry-matter was greater and 
its water-economy better than of 
the other crops. Bajra yielded 
more grain than juar. The water- 
economy of guara and moth 
(legumes) was lower than of bajra 
and juar. 

Among the rabi crops (wheat* 
barley, gram, and taramira)* 
barley matured best and its 
water requirement was the 
least. Gram and taramira 
yielded less grain than the other 
crops and their water require¬ 
ments were higher ; but the total 
transpiration by gram was the 
lowest. 

5. Bajra, during the kharif season’ 
and gram, in the rabi, are the 
favourite crops of the locality; 
total transpiration by bajra and 
gram are the lowest under adverse 
conditions and thus fit into the 
rotation better than the other 
crops. Guara and Moth (kharif), 
as also barley and taramira (rabi) 
fare equally well. Compared to 
juar (kharif) and wheat (rabi), 
the above crops, except barley, 
possess higher water require¬ 
ments and produce less total dry 
matter, though, relatively they 
mature better under adverse 
environmental conditions. Guara, 
moth, and taramira are deep- 
rooted crops (more than 6 feet 
deep) and so, they can tap the 
deeper moist layers of soil and 
thus tide over the drought condi¬ 
tions. But these crops are not 


generally preferred to baira and 
gram, because the former deplete 
the soil of its moisture to great 
depths and the land will have to 
lie fallow during one or more 
rainy seasons (kharif). Juar and 
wheat transpire altogether more 
water than the other kharif and 
rabi crops, thus disturbing the 
soil-water economy necessistat- 
ing fallow periods in the rotation 


6. Thus, in order to determine the 
suitability of crops or their types 
to dry-farming areas, data on 
total transpiration, leaf-to-grain, 
leaf-to-transpiration ratios, 
under adverse environmental 
conditions and depth of the root- 
systems of the crop plants in the 
field, as also a study of the 
rotations, offer more reliable 
information than mere estima¬ 
tion of the water requirements of 
crops and their varieties on whole 
plant-basis with optimum water- 
supply, as has been done hither¬ 
to. 


7. It is interesting to note that the 
water requirments (on whole 
plant) of early types (parti¬ 
cularly of bajra) or early 
crops (bajra and gram) are re¬ 
latively higher than the late ones. 
A similar relationship occurs 
between deep-rooted crops and 
shallow-rooted ones. In both 
cases, the leaf-to-grain ratio and 
the ieaf-to-transpiration ratio 
are higher for (i) the early and 
(ii) the deep-rooted crops (except 
taramira) than for the late, and 
the shallow-rooted crops. As the 

leaf-efficiency for grain-formation 

or even total dry-matter forma¬ 
tion increases, the total trans¬ 
piration also increases. Thus 
the early or deep-rooted crops 
are apparently drought-escaping 
and not drought-resistant. 
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8. It has already been recognised by 
several workers that the differ¬ 
ences between the drought-resis¬ 
tant capacity of different types 
of a crop or between closely allied 
crops are small. So, the drought- 
escaping character should be 
looked into for selecting suitable 
crops or their types. As a higher 
water requirement is correlated 
with the drought escaping 
character, varieties or crops with 
relatively higher water require¬ 


ments may may bo selected for 
dry-farming areas. 

9. Barley is an exception to the 
above. It sees to be more drought 
resistant than the other rabi 
crops, as it possesses a lower 

water requirement on whole plant 

and on grain. Its leaf-to-grain 

ratio is high. It matures earlier 

too, thus possessing the drought- 

escaping character also. 


PART V. 


Effect, of manuring with farmyard compost on Transpiration and 

Water Requirements of crops . 


The practice of manuring crops is not 
I generally adopted 711 the locality under 
consideration. But juar and wheat, grown 
in heavy soils in low-lying areas are 
manured with farmyard manure. Bajra 
and gram are rarely manured. 

In order to investigate the influence of 
tarmyard compost on transpiration and 
water requirements of important crops 
and their types, the following treatments 
were tried: Farmyard compost (0*6% nit¬ 
rogen on air dry basis) at: 

( 1 ) 5 tons per acre, with soil mois¬ 
ture maintained at 13 (optimum 


level) throughout the life-period 
of the plants, 

(ii) 5 tons per acre, with soil mois¬ 
ture maintained at 8% (low level) 
throughout, 

(iii) 2V tons per acre with soil mois¬ 
ture at 8% throughout. 

Variations in the dosage of farmyard 
compost as also the moisture-supply were 
introduced in the experiments for obtain¬ 
ing information which may be useful for 
dry-farming areas. 

Results of the above three sets of expe¬ 
riments are separately explained. 


SECTION I. 

Influence of farmyard compost at 5 tons per acre on transpiration 

and water requirements of crops grown with 13?^ soil moisture. 


Kharif Crops. 

Both Bajra A. 1/* and Juar S. 21 were 
studied during the kharif seasons of three 
years, 1937-’38. Calculated amounts of 
manure, finely sieved, were mixed with 
, (light loam) before filling the pots, 
ihe seeds were sown on J2ih July, ilth 
J uly, and 26th June iu 1937, ’38, ’39 res- 
Pectively. One plant in each pot ini 937 
' n dl938 an( j two per pot in 1939 were 


t 0 maturity. Galvanised iron pots, 
A18 , were used with four replications 
in 1937 and 1938 and five iu . 939 . The 
usual observations on transpiration 
growth, yield and water requirements 

were recorded. 

Results. 

(Statement No. V. i. 1 ; Fig. V. i. 1 ). 

Weather; Among the three years, 
kharil of of 1937 was comparatively mild 
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while that of 1938 was definitely dry. In 
1939, weather was dry during the stem- 
elongation stage (6th and 7th week after 
sowing) and again at maturity (14th week 
onward. 


Bajra A. 1/3* 

Rate of transpiration : Manured plants 
transpired throughout at a higher level 
than the control. The difference between 
the two sets was generally greater after 
ear-emergence than before. In 1939, the 


curve for rate of transpiration by manur¬ 
ed plants was a much higher level than of 
the control plants even during the early 
stage of growth, apparently due to dry ^ 
weather at this period. The maximum 
rate of transpiration by the manured 
plants was higher than by the controls in 
all the three years, the percentage increase 
on the control being 18%, on an average 
for the three years. 


Total transpiration, dry-matter, and 
yield of grain : The results are tabulated .* 


TABLE No. V. i. 1. 

Bajra A. 1/3. (% of manured on control.) 


Observation, 

Total transpiration: 

Dry-weight of Leaves: 
Yield of grain : 


1937. 

1933. 

o/ 

0 / 

/°. 

/o 

115 

115 

117 

153 

145 

149 


1939. 

Mean. 

% 

113 

% 

114 

150 

133 

106 

133 


Total transpiration by the manured set 
was uniformly higher by about 14% over 
the control during the three years. 

The dry-weight of leaves was also great¬ 
er for the manured plants than for the 
contrel. The increase in dry-weight due 
to manuring amounted to about 50% in 
1938 and 1939, while correspondingly the 


increase in total transpiration was about 
14%. It indicates that during these two 
years, leaf-formation and their drying up 
were going on depending on weather con¬ 
ditions. 

During 1937 and 1938, manuring result- 
ted in an inci'ease in the yield of grain by 
about 40 % over the control. In 1939, the 
differences was only 6%. 


TABLE No. V. i. 2. 

Leaf-to-grain and grain-to-shoot ratios of Bajra A. 1/3. 



Ratios. 

1937. 

1938. 

1939. 

Mean 

Leaf-to-grain ratio : 
Control: 

1.05 

0.41 

1.01 

0.82 

Manured : 

1.30 

0.40 

0.71 

0.80 

Grain-to-shoot ratio : 
Control: 

3.3 

9.0 

2.8 

6.0 

Manured : 

2.6 

8.2 

3.4 

4.7 


/ 


« 
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The differences between control and was imperfect both for the control and 
manured sets for the two ratios were the manured sets, resulting in low yields 
small and were not consistent in the three of grain and the consequent low leaf-to- 
f years. In 1938, the dry year, maturity grain and high grain-to-shoot ratios. 

f TABLE No. V. i. 3. 



'Water requirements (in Kgms. 

) of Bajra A. 

1/3. 


W. R. (in Kgms.) on: 

1937. 

1938. 

1939. 

Mean. 



kgms. 

kgms. 

kgms. 

kgms 

‘ Leaves ’ 

; control: 

2.00 

2.81 

1.66 

2.16 


manured: 

2.33 

2.08 

1.27 

1.89 

‘ Grain ’ 

control: 

1.36 

6.87 

1.65 

3.2 9 


manured : 

1.43 

5.12 

1.80 

2.78 

‘ Plant ’: 

control: 

0.41 

0.49 

0.32 

0.41 


manured : 

0.39 

0.43 

0.32 

3.38 


Water transpired in kgms. to form lgm. of dry-matter. 


Manured plants transpired altogether 
less water per unit leaf-dry-matter than 
the control plants in the two comparati¬ 
vely dry years, 1938 and 1939; in the 
mild year, 1937, the relationship was 
reversed. 

In 1937 and ’39, the differences between 
the control and the manured sets were 
small for the transpiration ratio on grain. 
In 1938, the dry year, the manured plants 
matured better than the controls and so 
^ the ratio was lower for the former set. 

Transpiration ratio on whole plant 
showed a tendency to get lowered with 
manuring. 

In the above ratios, the differences bet¬ 
ween control and manured sets were 
rather small and in most of the cases were 
not statiscally significant. 


Juar S. 21. 

Rate of transpiration : The course follo¬ 
wed by the curves for rate of transpira¬ 
tion by the control and manured plants 
was similar . But the curve for the manu¬ 
red set was running at a higher level than 
the control during 1939, while in 1938, 
the dry year, the rate by the manured 
plants was throughout lower than by the 
control plants. In 1937, the differences 
between the manured and the control 
were small but were in favour of the 
former. 

In 1938, the maximum rate of transpi¬ 
ration by the manured plants was only 
88% of the control; in 1937, it was almost 
equal (98?*,), while in 1939, it was 19% 
higher than the maximum rate by the 
control. 

Total transpiration, dry-weight, and 
grain-yield : 



§ 




m 


TABLE NO. V. i. 4. 


Juar S. 21. (% of : 


II 


Lanured on control). 


Observation. 

1937. 

1938. 

1939. 

Mean, 


% 

% 

1 

% 

Total transpiration: 

112 

92 

112 

105 

Dry-wt. of leaves: 

141 

119 

124 

128 

Yield of grain: 

83 

105 

111 

100 


Manuring resulted in a greater total 
loss of water in 1937 and 1939, while it 
was slightly lower in 1938. Total dry- 
weight of the leaves was higher for the 
manured plants than for the control. 


Manuring apparently improved maturity 
of the plants in comparatively dry years 
(1938, 1939), while it reduced the same in 
a mild year (1937). 


TABLE NO. V. i. 5. 
Leaf-to-grain and grain-to-shoot ratios, 

(Juar S. 21). 


Kharif of 

Grain/* Leaf \ 

* Shoot ’/Grain. 

Control. 

Manured. 

Control. 

Manured. 

1937 : 

1.03 

0.61 

3.6 

5.4 

1938: 

0.72 

0.81 

4.9 

5.2 

1939: 

0.32 

0.29 

10.4 

11.1 

Mean: 

0.69 

0.57 

6.3 

7.2 

Grain formed per unit 

leaf-dry-matter 

amount of vegetative growth compared to 


by manuring,' in the three years. In the 
mild year, 1937, .it was slightly lowered 
by manuring. 

Manuring resulted in a relatively greater 


grain-formation; but the difference bet¬ 
ween the control and the manured sets 
were small. The ratio, in general, was 
quite low in 1937 and rather high in 1939. 


i 


1.62 






TABLE No. V. i. 6. 

* Water requirements (in kgms ) of Juar S. 21. 



W. R. (in kgms.) on : 

1937.' 

1938. 

1939. 

Mean. 

‘ Leaves *: Control : 

kgms. 

2.23 

kgms. 

2.76 

kgms. 

1.67 

kgms. 

2.22 

Manured : 

1.75 

2.11 

1.54 

1.80 

‘ Plant 9 : Control : 

0.32 

0.40 

0.34 

0.35 

Manured : 

0.31 

0.37 

0.32 

0.32 


* Total water transpired in kgms. to produce 
1 gm. of dry-matter. 


Water requirement oil grain was omit¬ 
ted, as maturity of juar plants, both 
control and manured, was imperfect. 

Water requirement on leaves was lower 
for the manured plants than for the 
control in the three years, indicating that 
less water was transpired altogether per 
unit dry-weight of leaves by the manured 
plants than by the controls. The diffe¬ 
rences were small. Even on whole plant, 
the water requirement tended to be lower 


for the manured plants. The mean values 
for the three years for the ratio on leaves 
were 2.22 and 1.80, and on whole plant 
0.35 and 0.32 respective^ for the control 
and the manured plants in each case. 

Rabi crop (Wheat). 

The experiment was conducted for a 
period of five years, 1937—1942. Two 
types wheat, 8 A and 9 D, were studied 
during the first three years. The experi¬ 
mental details are tabulated: 


TABLE No. V. i. 7. 
(Experimental details). 


Details. 


1937-38 38-39 39-40 40-41 41-42. 


Crop & types: 
Farmyard compost: 
Soil moisture: 

Date of sowing: 

Size of pots: 

Plants per pot: 
Replications: 


/—Wheat 8A & 

/-at 5 tons 

/-Optimum (13%) 

3/11 

/-12"xl8 

One /-Two- 

4 /-5 


9D-/ /Wheat 
per acre- 


throughout— 
10/11 18/10 


9 D/ 

- / 

— / 


29/10. 




i 

i 



Results. 

(Statment -No. V- i. B; Figs. V. i. 2 & 3). 
Weather : The range of weekly evapora¬ 


tion from Piche’a cvaporimeter is given 
below for tho rabi seasons of the° five 
years during the pre-earing and the post- 
earing stages of growth of wheat plants. 




TABLE No. V. i. 8. 

Range of weekly evaporation in cc. 


Growth 

• # 

Stage. 

• 

Week after 
sowing. 

1937-38 

88-39 

39-40 

40-41 

41-42 

Pre¬ 


cc. 

CC. 

CC. 

cc. 

CC. 

earing 

4th-14th. 

29-78 

46-84 

29-80 

26-76 

22-74 

Post- 

15th-22nd. 

68- 

30- 

19- 

48- 

32- 

earing 


162 

115 

109 

127 

266 


The above results give only an approxi¬ 
mate idea of the comparative weather 
conditions in the different years during 
the vegetative and the reproductive phases 
of the wheat plants. 


During 1938-39, the weather was 
comparatively more dry and apparently 
warmer than in the other four years 
during the pre-earing period. During the 
post-earing period, however, the weather 
was definitely more dry during 1937-38 
and 41-42 than in the intervening three 
years. Among the two former years, 
1941-42 experienced cloudy days at appa¬ 
rently critical periods of growth and 
maturity of the wheat plants. 


Thus, the first and the last year were 
apparently less favourable to maturity of 
the plants than the remaining three years. 


Rate of transpiration : The following 
observations can be made from a study 
of the curves for rate of transpiration : 



The general outline of the march 
of transpiration by wheat 8 A 
or 9 D was not altered by manu¬ 
ring. 


2. The effect of manuring on the 
actual rate of transpiration, 
compared to the control, was not 
consistent in the different years. 

3. In 1939-40, rate of transpiration 
by the manured sets of wheat 

8 A and 9 D was lower through¬ 
out than by the respective cont¬ 
rols. Manured plants were less 
vigorous than the control. During 
this year, sowing was done much 
earlier than in the other years. 
In what way it reduced the 
growth of the manured plants is 
not clear. 

4. The curves for manured sets of 
wheat 8 A in 1937-38 and of 9 D 
in 1940-41 were in some weeks 
at a lower level than the respec¬ 
tive controls. The differences 
were small. 

7). With the above exceptions, manu¬ 
ring resulted generally in a higher 
rate of transpiration throughout 
the life-period of wheat 8 A and 

9 D. The differences between the 
manured and unmanured sets 
were not high. 
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TABLE No. V. i. 9. 

Maximum weekly rate of transpiration (Wheat 8 A & 9D) 

(% of manured on control). 


Type of wheat. 


Wheat 8 A: 
Wheat 9 D ; 


1937-38 

• 

38-39 

39-40 

40- 

o' 

<y 

o' 

<v' 

/O 

A» 

A* 

6 

- 

/o 

104 

115 

78 

— 

110 

108 

75 

98 


41-42 


t 


124 



The above results also indicate the same trend as explained above for the effect of 
manuring on rate of transpiration. 

TABLE No. V. i. 10. 

Total transpiration, leaf-dry-weight, and grain-yield. 

Wheat 8 A & 9 D. 

(/o of manured on control). 



Observation. 


Wheat type. 


193/—38 38—39 39-40 40-41 41—42 


O' 

/O 


o 


o 


o 


o 


O' 

o 


o 

/O 


Total transpiration. 
Leaf-dry-weight : 
Yield of grain : 


8 A: 

9 D: 

8 A: 

9 D: 

8 A: 

9 D: 


99 

108 

107 

112 

101 

115 


117 

109 

109 

105 

117 

102 


79 

80 
95 
89 

103 

103 


101 


120 


114 


129 


108 


125 



Except during 1939-40, total transpi¬ 
ration and total dry weight of leaves were 
in general higher for the manured sets of 
wheat 8 A and 9 D than their respective 
controls. 


Yield of grain by both 8 A and 9 D was 
better in all the years for the manured 
sets than for the respective controls. 


Rabi of 1937-38 was more favourable to 
wheat 9 D than to 8 A while while it was 
reversed in 1038*39. The former year 
experienced more dry weather during the 
post-earing period than the latter year. 

The differencess due to manuring were 
not high fur both wheat 8 A and 9 D for 

all the obove observations. But in 1941-42 

manured wheat 9 D gave 25% more grain 
than the control. 
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TABLE No. V. i. 11. 

Leaf-to-grain aind grain-to-shoot ratios. 

Wheat 8 A & 9 D- 


Ratio and crop. 

19 >7- 

CO 

00 

1938- 

-39 

1939- 

-40 

1940- 

-41 

1941-42 

C. 

M. 

c. 

M. 

C. 

M. 

c. 

M. 

C. M. 

Grain/Leaf: 
Wheat 8A : 

3 1 

2.9 

3.3 

3.1 

2.4 

2.6 




Wheat 9D: 

4.3 

4.4 

4.8 

4.7 

3.0 

3.5 

3.3 

3.1 

3.0 2.9 

Shoot/Grain: 
Wheat 8 A: 

1.4 

1.4 

1.5 

1.4 

1.6 

1 4 


_ 


Wheat 9D : 

1.1 

1.1 

1.1 

1.2 

1.5 

1.3 

1.3 

1.4 

1.6 1.6 


C : Control; M: Manured. 


Manured plants of both wheat 8 A and 
9 D tended to produce slightly lower 
amount of grain per unit leaf-dry-matter 
than the unmanured plants in all the 
years except in 1939-10, when sowing was 


done much earlier than in the other years. 
The manurial effect was apparently more 
clear for the late type, 8 A than for 9 D. 
Differences, due to manuring, in grain-to- 
shoot ratios of both the types were 
negligible.. 


TABLE No. V. i. 12. 


*Wafcer requirements (in kgms.) of Wheat 8A & 9D. 

(Mean of all the years). 



W. R. (in kgms.) 

Wheat 8 A. 

(Mean of 3 years) 

Wheat 9 D. 

(Mean of 5 years) 

on 

Control 

Manured 

Control 

Manured 

‘ Leaf-dry-weight ’: 

kgms. 

3.58 

kgms. 

3.68 

kgms. 

3.96 

kgms. 

3.83 

Grain: 

1.31 

1.21 

1.08 

1.02 

* Plant’; 

0.47 

0.45 

0.43 

0.40 

* Total water transpired 

in kgms. 

to produce 1 gm. 

of dry-weight. 


Differences in the water requirement, 
due to manuring, were small for both 
wheat 8 A and 9 D, particularly on plant- 
basis. The water requirement on leaf- 
dry-weight tended to increase with manur¬ 


ing for wheat 8 A, while it was lowered 
under similar conditions for wheat 9 D. 
Water requirements of 8 A and 9 D on 
grain-basis -were apparently lowered by 

manuring. 
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Summary of the results 

Kharif crops: 

1. Rate of transpiration and total 
transpiration by bajra were hig¬ 
her for the manured plants than 
for the controls in all the three 
years. Manuring juar resulted 
in a lower rate of transpiration 
in the dry year, 1938; total 
transpiration was also reduced. 
In less severe weather conditions 
(1939), the values were definitely 
better for the manured plants 
than for the controls; in mild 
weather, 1937, the differences 
between the control and the 
manured sets were small. The 
manurial effect on rate of tinspi¬ 
ration and total transpiration by 
bajra was not influenced by the 
weather conditions, unlike juar. 

2. Manuring, in general, tended to 
lower the leaf-to-grain and 
grain-to-shoot ratios of bajra. A 
similar effect was seen in juar for 
leaf-to-grain ratio while grain-to 
-shoot ratio was increased by 
manuring. Manuring improved 
the maturity of bajra more than 
its vegetative growth ; it had a 
reverse effect on juar. 

3. Manuring apparently lowered the 
water requirements of bajra and 
juar. The differences due to 
manuring were, however, small. 


Rabi crops ; 

1. Rate of transpiration by manur¬ 
ed wheat 8 A and 9 D was sligh¬ 
tly higher than by the respective 
controls. But the effect was modi¬ 
fied at times by the weather con¬ 
ditions. 

2. Total transpiration was generally 

lower for the control than for 
the manured plants. In some 
years, the differences were 
negligible. 

3. Dry-matter production and yield 
of grain were better for .the 
manured plants than for the con¬ 
trols. The differences were small. 

4. Leaf-to-grain ratio tended to be 
lowered by manuring, more clear¬ 
ly for 8 A than for 9 D. Grain- 
to-shoot ratio was not affected. 

o. The water requirements of 8 A 

and 9 D were apparently lowered 

by manuring. The differences 
were small. 

b. The differences between wheat 8 
A and 9 D due to manuring were 
slight and inconsistent. 

T. Weather conditions during gro¬ 
wth and maturity periods as well 
as time of sowing seem to influ¬ 
ence considerably the effect of 
manuring. 
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PART V. Section ii. 

Influence of farmyard compost at 5 tons per acre, on transpiration 
and water requirements of Bajra , Juar , and Wheat , 

grown with low soil-moisture (8%). 

The experiment was conducted during two seasons of kharif and of 
rabi, and the details are : 


TABLE No. V. ii. 1. 


Experimental details. 


Details. 


Crops and types : 


Farmyard compost at 
Soil-moisture: 

Size of pot: 

Plants per pot: 
Replications : 


Kharif of 
19T6. 1941. 


Rabi of 


Bajra: 

Juar : 

/ - 

I - 

i 

i — 

■/ — 1 


Local, 
A. 1/3. 

S. 21. 

- i) 


1940—41. 


1941—42. 


Wheat: 8 A; 9 D. 


tons; a ere 


Low (8%) throughout 

---12 "x 18 "- 

-Two- 

-Five- 


l 

/ 

i 

i 

i 



Seeds were sown on the 29th and on 
the 26th of June during the kharif seasons 
of 1940 and 1941 respectively; the sowing 
dates of the rabi crops are 29th October 

in the two years. 

Results 

(Statement No. V. ii. A- Figs. V. ii. 1 & 3) 
Weather: The kharif of 1940 was mild, 
as indicated by evaporation from the 
Piche’s evaporimeter, while the kharif of 
1941 experienced dry conditions (weekly 
evaporation above lOOcc.) at three times 
(4th and 5th weeks, 10th week, and 14th 

week after sowing). 

bajra 

The early-earing Local type and the late 
type, A. 1/3 were studied during both the 

years. 

Rate of transpiration: During the mild 
season of 1940, the curve for weekly rate 
of transpiration by the manured plants of 


bajra Local remained at a slightly higher 
level than by the control set ; but in the 
dry season of 1941, the weekly rate by 
the manured plants was lower than by 
the control set, till the plants were about 
to ear; later, transpiration by the manur¬ 
ed set recovered and remained at a higher 
level than by the unmanured set. 

The behaviour of bajra A. 1/3 was 
slightly different from that of Local in the 
two years. Trangpiration by the manured 
plants of bajra A. i/3 was in general grea¬ 
ter than by the unmanured plants 
throughout the life-period in both the 
seasons except during 6th and 7th weeks 
byafter sowing in 1940, when it was de¬ 
finite by lower than the control. 


3 maximum rate of transpiration 
ed by the manured plants of Local 
3 0/ 0 greater than by the unmanure 

both 1940 and 1941 ; the percentage 

_A 1 /Q TOfl.s nnlv 5°n ID 19 




but 20% in i 941 for the manured set over 
the control. 

Total transpiration: Both Local and A. 
1/3 transpired altogether more water 
under manured than under unmanured 
conditions in both the years. The percent¬ 
age values of manured over control are : 


Bajra Local: 
Bajra A. 13: 


1940. 1941. Mean. 

o' o/ o' 

/° ,o /O 

122 J13 118 

100 125 116 


Manuring resulted in a greater total 
loss of water by A. 1/3 plants in a dry 
season (1941) than in a mild season (1940). 
Bajra Local behaved in a reverse manner. 

Dry-matter and grain-yield : Both 

Local and A. 1/3 showed improvement in 
drv-mattcr with manuring as indicated by 
the following figures : 


TABLE No. V. h. 2. 


Leaf-dry-weight and grain-yield by Bajra Local & A. 1/3. 

(°V, of manured on control). 



Observation. 


1940. 

Local A. 1 3 


1941. 

Local A. 1 3 



O/ 

/o 

• O- 

1 

1 

O/ 

o 

0/ 

/o 

Dry-weight of leaves: 

J 32 

¥ 

112 

112 

144 

Yield of grain: 

150 

142 

165 

151 

Increase in leaf-dry-weight of A. 1/3 
due to manuring was greater in the dry 
year, 1941, than in the mild year, i940. 
but Local behaved in an opposite way, 
Manuring resulted in a definitely higher 

4 

yield for the two types in both the years ’ 
Local was benefitted more than A. 1/3’ 
dry weather was more helpful in further 
increasing the grain-yield of the two types 
than mild weather (1940). 


TABLE No. V. ii. 3. 



Leaf-to-grain and grain-to-shoot ratios of Bajra 

Local and A. 1/3. 

Ratio and treatment. 


1940. 


1941. 



Local A. 1/3 


Local A. 1/3. 

Grain/ 4 Leaf ’: Control 

• 

* 

1.79 1.04 


1.10 0.96 

Manured 

# 

• 

2.02 2.02 


16.2 1.01 

4 Shoot /Grain : Conti ol 

• 

• 

1.8 2.8 


2.7 2.9 

Manured 

• 

• 

1.6 2.2 


2.1 2.8 


23 


109 




. Manured plants showed a higher leaf-to- 
crain ratio than controls: the difference 

V v . > 

was greater in the dry year (1041) than 
in the mild year (1940) for Local; it was 
opposite with A. 1/3. 


Grain to-shoot ratio showed similar 
variations as the other ratio; manuring 

improved grain-formation relative to 

% 

shoot growl h. ■ 

• # _ 


TABLE No. V. ii. 4. 


Water requirements of Bajra Local and A. 1/3. 

(In kgms. of water transpired per lgm. of dry-matter). 


W. R. (in kgms.) on : 


_1940.;_ 1941._ 

Local. A. 1/3. Local. A. 1/3. 


Leaf-dry-weight 

: • • ■ kgms. 

kgms. 

kgms. 

kgms. 

Control 

1.81 

1.35 

1.91 

1.54 

Manured 

1.65 

1.19 

1.91 

1.34 

Grain: Control 

1.05 

1.37 

1.70 

• 

1.87 

Manured 

: 0.82 ‘ 

0.91 

1.17 

1.36 

‘Plant’: Control : 

0.29 

0.26 

0.37 

0.33 

Manured : 

0.26 

0.23 

0.31 

0.30 


Manuring resulted, in almost all the 
cases, in a lowering of the three ratios for 
both the types in the two years. The 
effect on water requirement on grain-basis 
was greater than on the others, parti¬ 
cularly in the dry year (1941). 

Juar. 

Only one type, J. S. 21, was studied in 
both live years. 

Rate of transpiration : During 1940, 
rate of transpiration by the manured 
plants was almost throughout lower than 
that by the control plants. Tn 1941. 
however, the manured plants transpired 
at a higher rate than the controls from 
9th week after sowing; earlier and also at 
the final maturity time, t he rate was lower 
than by the control. 

The maximum rate of transpiration hv 
the manured plants was only 917,'. in 1940 


and 101% in the second year, of the respec" 
five controls. 

Total transpiration was also lower for 
the manured set than for the control, 
more so in 1940 than in 1941 ; the percent¬ 
age values for manured set on control were 
01°,. and 98% respectively in the two 
years. 

Dry-matter and grain-yield : During 
1940, manuring resulted in lower dry- 
matter-formation. In the second year, 
the leaf-dry-weight increased by 237. 
by manuring while there was no increase 
in tlie dry-weight of the whole plant. 

Manuring resulted in a lower yield of 
grain in both years, the percentage dec¬ 
rease being 59“., and 92% in 1940 and 1941 
respectively. 

As grain-formation was poor and erratic, 
ratios involving yield of grain arc omitted 
from consideration. 




TABLE No. V. ii. fc. 


Water requirements of juar 8. 21. 

(In kgms. of water transpired per 1 gm. of dry-matter). 



W. R. (kgms.) on : 

Control 

1940. 

Manured 

‘ Leaf-dry-weight 5 : 

kgms. 

0.93 

kgms. 

1.19 

‘ Plant-drv-weight * • 

* o • 

0.25 

0.24 


1941. 

Control Manured 


kgms. 

1.45 

0.31 


kgms 
I 15 
0.31 



Water requirement on leaves was slightly 

increased in 1940 by manuring, but was 
lowered in 1941; the ratio on whole plant 
"as not affected by manuring. 

Rabi crop. (Wheat) 

(Statement V. ii. B. Figs. V. ii. 2 <fc 3). 

ri Tll ° experimental details arc included in 
Table No- V. ii. 1. Two types of wheat, 
8A and 9D, were studied during the rabi 
of 1940-41 and 1941-42. 

Weather: Weekly rate of evaporation 
from Riche’s cvaporimeter does not appa¬ 
rently show recognisable differences bet¬ 


ween the weather conditions of the two 
rabi seasons 5 

Rate of transpiration : Manured plants, 
particularly those of wheat 9D, transpired 
at a much lower level than the controls 
during the rabi of 1940-41. In the next 
year, however, the transpiration curves 
for manured plants of wheat 8A and 9 0 
lemaincd throughout at a higher level 
than those ol t lie controls. 

In 1940-41, maximum rates of transpj- 

ratioii by manured plants of 8A and 91) 

were only 78 *. and 27'V. of the respective 

controls: in the next year, tie values for 

8A and 9J) were 102;. and 99 C, of the 
controls. 


TABLE No. V. ii. o. 

Total transpiration, leaf-dry-weight, and grain-yield. 

( .. of manured on control). 



Observatioi 


»» 


1940-41. 

8 A. 9 I). 


I ' , 

i i / / • # * 


1941—42. 
1> -8 *A. 9 D. 


Total transpiration : 
Dry-weight of leaves : 
Yield of grain : 


• > 


O/ 

(j 

76 

74 

103 


O' 

/o 

23 

2G 

29 


i > 


O 


u 


o 


113 

135 

132 


106 

114 

112 



Growth and maturity of wheat 91) 
plants in the manured set in 1940-4 1 were 
exceptionally poor, reasons for which are 
not clear. 

In 104o -41, manuring resulted in a 
lowering ol the total transpiration and the 


lea -dry-weight of both 8A and »J> pl i(lllfi 
yield of grain by 8A was not affected l,v 
manuring while that by 91) was oonsiijfe. 
rably debased. In the next year, manured 
plan I s, particularly of 8A, showed hrCt-or 
glow th and maturity than the respective 

controls. 1 
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TABLE No. V. ii. 7. 

Leaf-to-grain and grain-to-shoot ratios of Wheat 8A & 9D. 


Ratios & treatment. 

1940- 

-4J. 

i 941- 

-42. 


8 A. 

9 D. 

8 A. 

9 D. 

Grain/ 4 Leaf’: Control 

2.17 

4.15 

2 75 

4.02 

Manured 

3 05 

4.52 

2.70 

3.94 

4 Shoot ’/Grain : Control 

1.9 

1.3 

18 

1.2 

Manured 

1.3 

1.1 

1.6 

1.2 

In 1940-41, manuring resulted in a 
higher leaf-to-grain ratio, particularly for 
8A ; in the next year, the treatment scar¬ 
cely affected the ratio. The grain-to-slioot 

ratio of wheat 8A was apparently lowered 
by manuring but this effect was negligible 
for wheat 9D. 

TABLE No. V. ii. 8 

• 



Water requirements of Wheat 8 A and 9 D. 



(in kgms. of water transpired per Igm. of dry-matter). 


W. R. (kgms ) on : Treatment. 

1940- 

-41. 

1941 

— 42. 

8 A 

9 D. 

8 A. 

9 D. 


kgms 

kgms 

kgms 

kgms. 

‘ Leaf-dry-weight ’: Control: 

2.61 

3.44 

3.09 

4.17 

Manured: 

2.35 

2.87 

2.60 

3.35 

Grain: Control: 

1.07 

0.82 

1.13 

0.89 

Manured : 

0.81 

0.67 

0.97 

0.83 

4 Plant-dry-weight ’: Control : 

0.35 

0.35 

0.36 

0.37 

Manured : 

0.32 

0.80 

0.33 

0.34 


1 


I 


All the three ratios of both 8 A and 9 D 
were lowered by manuring in both the 
years. The differences between manured 
and control were small. Varietal differ¬ 
ences between 8 A and 9 D were not clear. 


In mild weather, juar plants, receiving 
manure, transpired at a lower rate than 
the controls, while under dry conditions as 
in kharif of 1941, the former transpired at 

a higher rate. 


Summary of results. 

Kharif crops : Bajra and Juar. 

Manuring resulted generally in a higher 
rate of transpiration by bajra Local and 
A. 1/3 during the post-earing period; 
weather conditions influenced the manurial 
effect on transpiration by the two types 
of bajra during the pre-earing period. 


Total transpiration by bajra plants 
was increased by manuring but under mild 
weather the increase due to manuring foi 
bajra A. 1/3 was negligible. Manuring 
depressed the total transpiration by juar J 
plants in a mild season while in a dr> 
season, the difference due to manuring was 
negligible. 





Generally, dry-matter-formation and 
yield of grain by bajra plants were im¬ 
proved by manur’ng. Yield of grain by 
Local due to manuring was relatively 

greater than by A 1/3 Manuring either 

depressed, as in 1940, or scarcely affected 
as in 1941. the growth and maturity of 

juarS. 21. 

Grain-formation, relative to amount of 
foliage or shoot growth, was better under 
manured conditions for the bajra types. 
Maturity of juar S. 21 apparently suffered, 
under the manured conditions. 

Water requirements on ‘leaf-dry-weight ’, 

on grain and on whole plant were lowered 
lor the bajra types by manuring. The 
diflerences were small. The value for juar 


• t 

on whole plant was not affected by 
manuring. 

Rahi crop: Wheat 8 A and 9 D. 

There was no consistent effect of 
manuring on rate of transpiration bv 
wheat 8 A and 9 D. 

Manuring increased the amount of 
grain formed per unit leaf-dry-mattei for 
both 8 A and 9 D; it also improved 
maturity relative to vegetative growth, 
as the grain-to-shoot ratio was lowered 
by manuring. Water requirements on 
leaves, grain and whole plant were 
consistently but slightly lowered for both 
8 A and 9 D by manuring. There was no 
differential response by the varieties to 
manuring. 


PART V. Section iii. 

influence of manuring with farmyard compost at 2i tons per acre on 
transpiration and water requirements of bajra and wheat, grown 

with low soil-moisture (8%). 


During drought years, manuring with 
farm-yard compost even at the low rate 
of 5 tons per acre resulted in a harmful 
effect on growth and maturity of crops 
in the field. So, the effect of a still lower 
dose of 2.V tons per acre was studied in the 
present experiment, where moisture-supply 
was maintained at the low level (8%.) 

The experiment could be conducted only 
mono kharif (19 12) and one rabi season 
(1942-1-3) with bajra Local (kharif) and 
wheat 8 A and 9 D (rabi). 

Kharif crop: Bajra Local 

Seeds were sown on 24th June J 912 in 
Pots, 12"X 18" in size, and finally thinned 
o 2 plants in each pot. Five replications 
weie maintained. The plants were har¬ 
vested 14 weeks after sowing. 

Weather: The kharif season of 1 >>42 
experienced unusually humid and cloudy 
weather throughout. Weekly evaporation 


Irom Piehe’s evaporimeter fluctuated bet- 
ween L>cc. and ~>0ce. 

Results 

(Statement No. V. iii.A; Fig. V. iii.) 

Except during the maturity stage (ie., 

till the 11th week after sowing! manured 

plants transpired at a lower rate than the 

controls. Since the I 1th week, the curve 

lor rate of transpiration by the manured 

set was at a higher level than by the 
control. 

Manuring scarcely affected the total 
transpiration, the values being 10.87 kgms 

and 10.44 kgms. for the control and the 
manured sets respectively. 

Differences due to manuring were negli¬ 
gible for the dry-matter formed in the 
plants and t he yield of grain, thou-h the 
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small differences were in favour ol the 
control set : 

(Bajra Local: mean per pot) 

Control. Manured. 


gins. gms. 

Yield of grain: 11.0 10.3 

Dry-weight of plant : 47.2 45.5 

Water requirements of bajra Local were 
also not affected by manuring ; 

Bajra Local. 

Control. Manured. 


\V. R. (kgms. of water) 

for Igm. of: kgms. kgms. 

‘ Leaf-dry weight ’: 1.50 1.44 

grain: 0.90 1.07 

‘ Plant-dry-weight, 0.23 0.2 : > 


Rabi crop : Wheat, 8 A and 9D. 

Experimental conditions regarding pot- 
size, number of plants per pot, manuring, 
soil-moisture, etc., are the same as in the 
kharif experiment. Seeds of wheat 8 A 
and 9 D were sown iii the respective pots 
on 26th October 1942. The plants were 
harvested 22 weeks later. 

Weather during the rabi of 1942-43 
was mild till about the earing time (till 
the 14th week after sowing), when the 
weekly evaporation varied mostly within 
& range of 14ce. and 49cc. -During the 
earing period (15th to 18th week), wea¬ 


ther was comparatively dry (65cc. to 
93cc.), but it became more dry during the 
maturity period (19th week onward ) with 
evaporation ranging between 96cc. and ^ 
13Ice. per week. 

Results 

(Statement No. V. iii. B; Fig. V. iii.) 

Manuring resulted in a lower rate of 
transpiration by wheat 8 A throughout, 
compared to control. The result was 
similar with wheat 9 D too, but only from 
9th till the 19th week after sowing ; later 
on, the manured plants transpired at a 
higher rate than the controls. 


Total transpiration by both 8 A and 9 
D was definitely lowered by manuring; 
the values (percentages of manured over 
control) are 87% and 89 o respectively for 
the two types. 

Dry-matter formed in leaves, shoot, 
and whole plant of wheat 8 A was not 
affected by manuring, while the yield of 
grain was slightly improved, the values 
for the yield being 27. 8 gms. and 29. 4 
gms. per pot with two plants for control 
and manured sets respectively. 


Growth and maturity of wheat 9 T) 
tended to be depressed by manuring. The 
yield of grain was lowered by 7% due to 
manuring. 


Water requirements of wheat 8 A were** 
lowered by manuring while those of wheal 

9 D were scarcely affected: 




i 









• . 






i 









) 
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TABLE No. V. iii 1. 

Water requirements of Wheat, 8 A, and 9 JD. 

(m £111 s of total transpiration per Igm. of dry-matter) 


Water requirement on : 


Wheat 8 A. Wheat 9 I). 

Control. Manured. Control. Manured 


Grain : 
Plant : 


1199 + 12 984+17 

46344 402+5 


982+27 961 + 22 

420110 421+17 


The difference between control and manured sets arc statistically significant 
for wheat 8 A. 


PART V. 

Discussion 


1 lie results obtained in the present 
studies on the influence ol manuring can 
he briefly summarised as follows: 

(i) With optimum or low waiter- 
supply, manuring wit h farmyard 
compost at 5 tons per acre, gene¬ 
rally resulted in better growth 
and maturity, and lower water 
requirements of bajra and wheat 
(8 A and 9 D). But the difference 
was not appreciable. Maturity 
of juar wa s not benefit ted by 
manuring; the manured plants 
became more vegetative ; the 
water requirement of juar on 
plant-basis was slightly lowered 
bj r manuring. 

(ii) Even with a lower dose of manure 
(2.1 tons per acre of farmyard 
compost), and with low- water- 
supply, similar results as in the 
above were obtained with the 
three crops, bajra. juar, and 
wheat 8 A; but w'heat 9 D (an 
early type) was depressed by 
manuring. 

( ‘ii> Weather conditions influenced 

largely the effect of manuring. 


the above results are in fair agreement 
w ith the conclusions of other workers. 

Leather (1910, 1911), working in Bihar 
(India), observed a definite lowering of the 
water requirements of several crop plants 
by fertilizers supplying nitrogen and phos¬ 
phorus. He maintained optimum water- 
supply to the plants grown in pots. 
Weather in Bihar is more moist than in 
the dry-farming areas. He found that the 
water requirement (on shoot) of wheat 
was lowered on an average by about 34 '., 
compared to an average'of 6 % obtained 
m the present studies on wheat with 
optimum water-supply and manuring at 

", of 1 .Si ,rn,yard com P° 8t per acre, 
lhe large difference in the results can be 

attributed io the difference in climatic 

conditions in the two areas and in the 

manures used. Singh and Mehta (1938) 

working at Benares (India), observed a 

lowering of the water requirement of 

wdicat by about 5° 0 due to manuring with 

farmyard manure. Singh and Sino+ ( 1939 ) 

found a significant lowering of the water 

requirement on whole plant, but not on 

gram of wheat due to the effect of ehemi 

cal fertilizers, when the plants wwc * r own 

W'ith favourable water-supply. In the 

present studies, with favourable water- 




supply, significant difference in the water 
requirement (even on plant-basis) of wheat 
due to manuring at 5 tons of farmyard 
compost per acre, were observed in two 
out of five years. Weather at Benares is 
similar to that in Bihar. 

At Hagari (S. India), a dry-farming 
area, water requirement of Setaria was 
lowered by farmyard manure when the 
plants were grown with favourable water- 
supply (Kanitkar, 1944). 

It is intended to examine critically the 
results obtained at Sholapur (S. India), 
another dry-farming area, w here detailed 
studies on the effect of manuring juarwere 
carried out (Kanitkar, 1944). Grain-types 
of juar are grown at Sholapur from 
October to March (rabi season of Northern 
India), while fodder types are grown from 
June to October (kharif) atRohtak, where 
the present studies are carried out. The 
amount of manure applied was almost the 
same at both the places (about tons 
per acre of farmyard manure in the Shola¬ 
pur experiment compared to 5 tons ol 
farmyard compost per acre at Rohtak). 
With optimum water-suj ply, water re¬ 
quirement of juar was lowered by 20Ti at 
Sholapur, and only by 6% at Rohtak; the 
differences due to manuring are not signi¬ 
ficant at both the places. Wii h less 
favourable water-supply, the lowering of 
the water requirement at Sholapur was 
only. 10%, compared to 2 % at Rolrak; 
however the differences in two years at 
Sholapur were significant, but in the third 
year, the ‘ control’ value was higher than 
the ‘manured’. The differences between 
the results obtained at Sholapur and at 
Rohtaic can be attributed to variations in 
the experimental conditions. Even at 
Sholapur, the results do not conclusively 
show that manuring leads to a definite and 
appreciable lowering of the water require¬ 


ment of juar. Weather conditions can 
bring about even a reversal of the effect, 
an observation noted frequently at Rohtak 
for other crops. 

Workers abroad mention that the water ' 

S' 

requirement is definitely lowered by 
manuring. According to Kiesselbach 
(1916), increase in fertility by addition of 
fertilizers or otherwise., lowers the w r ater 
requirement. Miller (1933, p. 500) makes 
a sweeping , conclusion : “Almost without 
exception, the application of fertilizers to 
the soil has shown a reduction of the water 
requirement.'’ Morever, both Miller (J 938) 
and Maximov (1929), basing their conclu¬ 
sions on the results of Montgomery and 
Kiesselbach (1912) and Kiesselbach (1916), 
point out that poor soils respond better 
to manuring, by lowering the w'ater re¬ 
quirement. 


Neither the present studies, nor even a 
critical examination of the data cf other 
workers, reveal an appreciable and con- 
consistent lowering of the w r ater require¬ 
ments of crops by manuring, under 
varying environmental conditions, 
particularly climatic. It is possible 
that the soils in dry-farming areas 
are generally fertile and the low dose 
of manuring, tried in the present experi¬ 
ments and elsewhere, may not have result¬ 
ed in a clear and consistent lowering of 
the water requirements. However, the 
results of the present series of experi¬ 
ments point out vividly the large influence 
of tlie weather conditions on water require¬ 
ment, often to such an extent as to mask 
completely the small effects of the other 
environmental factors, like w'ater-suppi} 
and manuring, or even to reverse their 
effects. Therefore caution is necessary m 
making generalised statements on 'he 
effect, of manuring or of any other single 

factor. 


PART V. 

Conclusions 


Manuring crop plants grown with opti¬ 
mum or low water-supply, with farmyard 
compost at different doses frequently 
resulted in better growth and maturity 
and lower water requirements, but the 
differences were small; moreover the 
effect ol manuring varied considerably 
from year to year thus indicating the 
large influence of the weather conditions. 

Differences between the crops or their 


varieties in their response to manuring 
were negligible. Maturity of juar was 
depressed by manuring. 

The small and erratic beneficial effect 
of manuring does not warrant, its advocacy 
in dry-farming areas, especially as the 
beneficial effect is off-set by a greater 
total expenditure of water which upsets 
the soil-water-economv of the area. 


PART VI. 

Transpiration and Water lieguirements of Millets and Cereals groirn 

singly and in mixture willi Legumes. 

Introduction. 


It is a common practice in dry-farming 
areas of the locality under consideration, 
to grow bajra or juar in mixture with moth 
or guara during the kharif season, and 
wheat or barley with gram in the rabi 
season. Seeds of the two crops are mixed 
on a 50-50 basis and sown ‘broadcast’ 
or behind the plough. Reasons given by 
the cultivators in support of this practice 
are: 

1. At least one of the two crops, 
usually the legume, may success¬ 
fully mature in seasons with low 
rainfall. 

2. In the case of mixture crops 
grown during tlie rabi season 
(wheat or barley with gram), 1 oth 
the crops can be harvested and 
threshed together, as the mixed 


produce, as such, can be sold in 
flic market; it forms the staple 
food of the local people during 
summer months. 

% 

Whatever might be the cultivator’s 
reasons, the practice itself seems to be a 
sound one, apparently due to a better 
nitrogen-supply to the millet or cereal 
when grown in association with a legume. 

The present experiment was conducted 
to study transpiration and water require¬ 
ments of the crops, bajra, juar, wheat and 
barley, when they were grown singly, and 
in mixture with a legume. Moisture 
content of the soil in the pots was main¬ 
tained at a low level (8%, i.e., about 4% 
above the wilting coefficient of the light 
loam soil used). The experiment was 
carried out only during one season, of 
kharif and of rabi, in the year 11)42-43. 


TABLE No. VI. 1. 
Experimental Details. 



Details. 


Kharif 1942. 


Rabi 1942—43. 


Crops: 


Millets or 
Cereals: 
Legumes : 


Soil-moisture: 

Date of sowing: 

* > 

Pot-size : 

Plants per pot: 

» 

Replications : 


Bajra Local; 
Juar S. 20 
Guara No. 2; 


Wheat 9 D ; 
Barley T. 4. 
Gram I. P. 58. 




Moth T. 3. 

-Low (8 %) from sowing to harvest. 
24-6-42 26-10-42. 

/---1 2"xl8"---- 


/ 


Iwo of tlie same crop when grown singly 
and one of each crop, when in mixture. 

/---Five-- 


Results. 

(Statement No. VI. A & B. Figs. VI. 1 to 4) 

Attention will be paid chiefly to a com¬ 
parison of the behaviour of the crops when 
grown alone, with that of the respective 
mixture. Comparison between the crops 
when grown alone was already dealt with 
in Part IV. Section iii. 

Kharif crops. 

Juar, guara, and moth are slow-growing 
crops compared to bajra. 

Weather: The kharif season of 1942 
experienced humid and cloudy weather 


almost throughout. Loss from Piche’s 
eyaporimeter was low during most of the 
time; the weekly evaporation never went 
be} ond about 80cc. and in one week 
readied a minimum of 15cc. 

BAJRA Mixtures. 

Late of transpiration : Till about the 
12th week after sowing, the mixtures, 
bajra ■+ guara and bajra + moth, were 
transpiring at a lower rate than bajra 
alone, but at a higher rate Ilian the res¬ 
pective legume (guara or moth) alone. 
The curve for the mixture lay nearer 
to that of the legume alone than of bajra 
alone. 


TABLE No. VI. 2. 

Weekly transpiration by kharif crops grown alone and in mixture* 

(Percentage of ‘ alone * on mixture). 

0 *® 

Transpn. during week Bajra and Guara. Bajra and Moth, 

alter sowing: Bajra Gtiara Bajra + Guara. Bajra Moth Bajra+Motb. 



of 

/o 

% 

/ 

p/ 

/o 

o/ 

/o 

of 

,o 

0/ 

/O 

7 th week : 

175 

64 

100 

126 

68 

100 

8th week : 

164 

59 

100 

191 

103 

100 

Average : 

170 

62 

100 

159 

86 

100 


From the 13th week onward, legume 
alone transpired at a higher rate than the 
mixture, as apparently bajra Local in the 
mixture was fairly mature by then, 
though it rem tined more green than bajra 
Local grown alone. 

Comparing the two mixtures, bajra + 
guara and bajra + moth, the latter was 
transpiring at a higher rate almost 
throughout. 

Total transpiration : Total loss by trans¬ 
piration by the mixture sets was inter¬ 
mediate between the losses by the indivi¬ 
dual crops when grown alone. To bring 
out more clearly the comparison between 


the results of crops grown alone and of 
mixtures, expected values for total trans¬ 
piration by a mixture were calculated 
from the values obtained from the indivi¬ 
dual crops of the mixture, when grown 
alone. This is done by reducing the total 
transpiration by the individual crops, 
grown alone, to ball', as each pot contain¬ 
ed two plants of the same crop, while 
each pot of the mixture set contained one 
plant of each of the two crops of the mix¬ 
ture. The reduced values for the millet 
(bajra) and the legume (guara or moth) 

were added up to give the expected value 
for the respective mixture. The results 
are tabula ted : 


TABLE No. VI. 3. 

Total transpiration by the kharif crops grown alone and in mixture. 


Crops. 


Bajra— Guara 
Bajra—Moth : 


Calculated values. 
Grown alone : Bajra+ 

Bajra Legume Legume 


1 . 

kgms. 

5.48 

5.48 


2 

kgms. 

9.92 

12.62 


1 


1 


<gms. 


15.40 

18.10 


Experi¬ 

mental. 

Bajra + 
Lcguine. 


kgms. 

18.22. 

23.79 



Bajra or Legume : Transpiration by a single plant. 


Difference) 

between 

calculate* 
& experi, 
for mixt. 


kgms. 


C 2.82 
+ 5.69 
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The crops, bajra and guara or bajra 
and moth transpired altogether more 
water when grown in mixture (18.22 
kgms. and 23. 79 kgms. respectively) than 

the calculated or expected total on equal 

plant basis, the values being 15. 40 kgms. 

and 18.10 kgms. respectively. Among 

the two mixtures, bajra-f moth lost more 

water than bajra+guara. 


Total dry-matter : As dry-weights of 
individual crop plants in the mixture sets 
were recorded separately, comparison bet¬ 
ween the crops,when grown alone,and when 
in association, is more complete than in the 
case of total transpiration. Just as in the 
previous observation, expected values for 
a mixture were calculated and compared 
with the experimental values, and the 
results are summarised : 


TABLE No. VI. 4. 


Dry-weight of the leaves of the crops grown alone and in mixtur e. 


Crops and details. 

Bajra. 

Legume. - 

Bajra+ 

Legume. 

1. Bajra-Guara: 

gms. 

gms. 

gms. 

"Calculated values: 

3.55 

4.35 

7.90 

Experimental values : 

3.38 

2.41 

5.79 

% of Expt. on ealcul. : 

95% 

5 5 % 

73% 

2 Bajra-Moth: 




* Calculated values: 

3.55 

6.50 

10.05 

Experimental values : 

5.69 

7.o5 

13.04 

% of Expt. on Calcul.: 

160% 

1 13% 

$ 

130% 


* 


^Calculated by reducing to hall’, the values obtained lor bajra or legume 
grown alone, per pot. 


In bajra and guara combination, the 
values for dry-weight of leaves of the in¬ 
dividual crops, bajra or guara, in the 
mixture were lower than the expected 
values, calculated from the values of the 
crops grown singly. The value for bajra 
of the mixture (95%) was lowered to a less 
extent than that of guara (55%). 


Both bajra and moth were benefitted a 
good deal when grown in association than 
separately. 

Calculations, similar to those on dry- 
weight of leaves, were made for the dry- 
weights of shoot and of the whole plant, 
as also for the yield of grain. The percen¬ 
tages of ‘experimental’ on ‘expected 
(calculated) values are tabulated below: 


TABLE No. VL 5. 


Dry-weight of shoot and of plant and yield of grain 
‘experimental’ values of mixture sets on expected va 

from ‘ crops grown alone '). 


(Percentages of 
lues, calculated 



Observation. 


Bajra Guar a Bajra + 


Guara. 


Ba jra - Moth. 

Bajra Mot h Bajrad 

Moth. 


Dry-weight of: 

o 

O 

JO 

Shoot: 

104 

112 

Plant: 

loo 

1 15 

Yield of grain : 

118 

14> 


0 / 

/o 

Q 

( i 

O 

/o 

of 

/O 

111 

154 

110 

1 30 

107 

150 

105 

141 

131 

102 

112 

132 


Bajra—Guara : Dry-weight ol slioot anti 
ol plant of bajra from the mixture were 
almost equal to the expected values, while 
those of guara as well as ol the two crops 
together were slightly higher. 

Yields ol grain by both the crops, parti¬ 
cularly of guara, were definitely improved 


by growing them in association than 
alone. 

Bajra-Moth: Bajra of the mixture 
showed more than .">0% increase in the dry- 
weights of shoot and of plant, as also in 
yield of grain over bajra grown alone. 
Moth, in mixture, was benetitted by only 
12 c, in yield of grain and even less in dry- 
weights of shoot and plant . 


TABLE No. VI. <>. 


Leal’-to-grain and grain-to-shoot ratios. 


Ratio, and crops. 
Leaf-to-grain ratio : 

Bajra - Guara : 
Bajra - Moth : 
Grain-to-shoot ratio 
Bajra - Guara : 
Bajra - Moth : 


Grown 

alone. 

Grown 

in mixtur 

Bajra 

Legume 

Bajra 

• 

Legume 

1.55 

1.30 

1.92 

3.59 

1.55 

1.32 

1.57 

1.30 

2.7 

2.2 

2.2 

1.6 

2.7 

1.7 

2.5 

1.7 


Leaf-to-grain ratio: The ratios for 
bajra and for guara, particularly the 
latter, were higher when they were 
grown in association than when grown 
alone, in the bajra moth combination 
the ratios for the two crops were not 


altered whether grown separately or in 
association. 

Grain-to-shoot ratio : A slight lowering 

ol the ratios of bajra and guara occurred 

when they were grown in mixture than 

when alotie . the • atios were scarcely 

affected by growing bajra and moth in 
mixture. 


m 


TABLE No. VI. 7. 


AY ater requirements of Bajra and legume, grown alone and in mixture. 
(Percentage ot ‘ mixture values on values of the crops grown separately). 


Water Requirement on : 


°o °f Bajra -f- Guar a on : % of Bajra+Moth on : 


'-A 



Bajra 

Guara 

Bajra 

Moth 


alone. 

alone. 

alone. 

alone. 


O/ 


o' 

o/ 

Dry-weigh t oi’: 

/O 

/o 

/O 

/O 

Leaves: 

162 

105 

123 

93 

Plant: 

169 

78 

167 

78 

Grain : 

137 

72 

143 

88 


The mixtures (bajra+guara arid bajra + 
moth) were less economical regarding 
water transpired in relation to dry-matter 
formed, than bajra grown alone; but they 
were more economical than the legume 
grown alone, except for leaf-dry-weight of 
bajra+guara. 

The following points may be noted from 
t he above results : 

1. Under conditions of low soil 
moisture, growth and maturity 
of bajra improved, on per plant- 
basis, when grown in association 
with guara or moth; bajra + 
moth mixture was better than 
bajra -f guara. 

2. Regarding yield of grain, guara 
fared better in bajra -b guara 
than moth in bajra b moth 
mixture. 

3. The mixtures transpired alto¬ 
gether more water than the 
average total transpiration by 
the component crops when grown 
separately. 


Juar mixtures. 

Just as in the case of bajra, juar was 
also grown separately and in association 
with guara and with moth. The experi¬ 
mental details are in the Table No. VI. 1. 

Unlike bajra Local, juar was ready for 
harvest along with guara and moth, 
whether it was grown separately or in 
association. 

Rate of transpiration : The curve for 
rate of transpiration by the mixture, juar 
+ guara, remained at a slightly lower level 
than that of juar alone, till the 1 3th week 
after sowing wliieh coincided with the time 
of earing in juar of ‘juar alone’ set ; juar 
plants of the mixt ure set started earing 
about tw r o weeks earlier. From the 14th 
week after sowing, rate of transpiration 
by the mixture was at a higher level than 
that of juar alone. The curve for ‘guara 
alone' remained almost throughout at a 
low r er level than that of the mixture : the 
differences between the two were greater 
up to the 13th week after sowing than 
later on. 


4. Water requirements of the mix¬ 
tures were intermediate between 
the rat ios of the component crops, 
Imt wane greater than the aver¬ 
age ratios oi the two component 
crops grown separately. 


The behaviour of the juar -b moth mix¬ 
ture w as almost similar to t hat of juar -r 


guara. 


Total transpiration; The results are 
given below : 



TABLE No. VT. 8. 

Total transpiration by Juar and legume mixtures 

(in kgms. per pot with 2 plants). 


Crop combination : 


Juar 

alone 


1 


Legume 

n 

alone 


2 . 


Juar & 
Legume 
(Mean) 

3. 


Juar -f 

Legume 


4. 


Difference 

between 

3 & 4 


Juar—Guara : 
Juar—Moth : 


kgms. 

22.98 

22.98 


kgms. 

19.84 

25.24 


kgms. 

21.41 

24.21 


kgms. 

24.55 

29.50 


kgms. 

3.14 

5.29 


Juar & Legume (Mean): Average of Juar alone and Legume alone. 


The crops in mixture transpired more 
than when grown separately. The loss 
was greater with juar4 moth than with 
juar 4 guara. 


Dry-matter and yield of grain: Just 


;-s in Bajra and its mixtures, the results, 
here tco, are expressed as percentages of 
the individual crops of the mixture on the 
respective crops grown alone. The latter 
values were reduced to ‘per plant’ basis, 
before t lie calculations were made. 


TABLE No. VI. 9. 

Dr\-matter and yield of grain by juar—legume mixtures. 
(Percentages ol the values of crops in mixture on crops grown alone) 


4uar Guara. 


Observation. 


Juar Moth. 


Juar 

alone 


Guara 

alone 


Juar & 
Guara 


.1 uar 
alone 


Moth 

alone 


Juar & 
Moth. 


Dry-weight 
Leaves 
Shoot 

PI ant 


Yield of grain 


of : 


(» 

/O 


(> 


i • 


0 

/O 


o 

. o 


o 


122 
31 
135 
185 


82 

87 

85 

85 


110 
116 
1 19 
121 


O 


146 

157 

163 

186 


67 
71 

68 
79 


115 

156 

129 

110 


(•lowtli i r.d maturity of juar ware ccn- 

siclerably mpiovid wl cn grow n in mixtuie 
with a legume, particularly moth, than 


when grown alone; the legume itself was 

adversely affected when in association with 

juar than when alone ; moth suffered more 
than guara. 




TABLE No. VI. 10. 


Lea f-t c-grain and grain-to-shoot ratios of juar-legume mixtures. 


Ratio; Crops. 

Grown 

alone. 

Grown 

in mixture. 


Juar 

Legume. 

Juar. 

Legume. , 

Leaf-to-grain ratio : 





Juar-Guara : 

0.35 

1.39 

0.53 

1.45 

Juar-Moth : 

0.35 

1.32 

0.44 

1.55 

Grain-to-shoot ratio: 

• 




Juar-Guara : 

10.6 

3.2 

7.5 

3.2 

Juar-Moth : 

10.6 

2.7 

9.0 

2.4 


The leaf-to-grain ratios for juar and Water requirements: As inbajra and 

legume, when grown in mixture, were its mixtures, the results of the juar mix- 

slightly higher than those obtained ^hen ^res are expressed as percentages on the 

they were alone; gram-to-shoot ratio ol . . ~ r 

juar was lower in mixture 1 han when alone ; respective values of each of the two 

the ratios for the legumes were not altered, component crops when grown alone. 


TABLE No. VI. 11. 


Water requirements of Juar and legume, grown alone and in mixtures. 
(Percentage of 4 mixture ’ values on values of the crops grown separately). 




% of Juar-r 

Guara on : 

% of Juar + Moth on: 

W. K. on 

Juar 

Guara 

Juar 

Moth 


alone. 

alone. 

alone. 

alone. 

Dry-weight of: 

ry/ 

/i t 
/ 

o/ 

/•> 

% . 

o' 

o 

/ 

Leaves: 

137 

70 

134 

80 

Plant : 

126 

65 

128 

65 

Grain-yield : 

63 

129 

65 

155 



Water requirement on leaf-dry-weight 
and on plant were higher for the mixtuies 
than for juar ‘alone but lower than foi 
legume ‘alone’. On grain-basis, the values 
for the mixtures were lower than for juai 
‘ alone but higher than for legume 
‘ alone ’, particularly moth. 

The following points can be noted from 
the above results : 

1. Under the experimental condi¬ 
tions of low moisture-supply (&/■•)> 


growth and maturity of juar 
improved, on per plant-basis, 
when in association with eithei 
guara or moth than when alone, 
but the legume was adversely 

affected. 

2. Though the mixtures transpired 
altogether more water than tn 
component crops grown ‘ alone , 

grain-to-transpiration ratios 

t he mixtures were better than 




\ 



juar 1 alone ’; but it was not so, 
when compared to the legumes 

s alone 

3. The mixtures were beneficial to 
juar on equal plant-basis, but not 
to the legume. 


apparently better than the two 
crops grown separately, on per 
plant basis; it was particularly 
so with bajra-legume mixtures, 
as both the crops benefitted ; 
moth was more helpful than 
guar a. 

Q 


4. Among guara and moth, the 
latter seems to benefit juar more 
than guara could, when in associ¬ 
ation with juar. 

Comparison between bajra-legume 

and juar— legume mixtures. 

1. Growth and maturity of bajra 
and juar were better when they 
were grown in association with 
a legume (guara or moth, prefera¬ 
bly the latter) than when grown 
alone. 

2. The legume in mixture with 
bajra, (particularly guara) was 
benefitted, regarding its yield of 
grain, compared to the legume 
grown alone : but, in association 
with juar, it was adversely 
affected. 

3. The mixtures of juar with legume 
transpired altogether more water 
than the component crops when 
grown alone; total transpiration 
by mixtures with bajra was loweJ 
than that of the legume grown 
alone, but greater than of bajra 
alone. 


'Rabi crops. 

During the rabi of 191-2-43, studies, 
similar to those on kharil crops, were 
carried out on wheat, barley, and gram 
and their mixtures (what+gram and 
barley+gram). Experimental details are 
included along with those ot the kharil 
crops in Table No. VL 1. 


Results, 

(Statement No. VI. B. Figs. VT. ‘1 & 4) 

Weather : Weather conditions np to 
the Nth week after sowing, were mild, 
weekly evaporation from the Piehe’s eva- 
porimeter ranging between 1 Ice. and 
60cc. Later on, evaporation went up 
and fluctuated between 65cc. and 13Ice. 
per week. 

Rate of,transpiration : The curve for 
weekly rate of transpiration by the mix¬ 
ture. wheat + gram, was running throu¬ 
ghout at a higher level than that ot gram 
alone, hut remained at a slightly lower 
level than that of wheat alone. The 
maximum rates, reached during the 18th 
week after sowing, were 3.9 kgms. for 
wheat, 3.7 kgms. for wheat 4-grams, and 
2.5 kgms for gram. 


I. The mixtures with bajra were 
more economical regarding water- 
loss in relation to grain-formation 
than the legume alone, hut less 
so than bajra alone; juar-mixtu- 
res, oil the other hand, were 
more economical than juar alone, 
but less so than the legume alone. 

5. The mixtures, in general, were 


The mixture, barley+grain, transpired 
at a lower rate than barley alone, till ihe 
16th week after sowing. Later on, the 
curve for barley alone rapidly went down, 
as the plants matured, while the curve for 
the mixture continued to rise and remained 
at a higher level than of barley alone, till 
the end. The rate by gram alone was 
throughout lower than of the mixture. 
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TABLE No. VI. 12. 


Total transpiration by the cereal - legume mixtures. 

(in kgms. per pot with 2 plants'. 


Crops in com- Cereal alone 
bination. 

Gram alone 

*Cereal & 
Gram (Mean) 

Cereal 4 Gram 

Difference 

between 

1 

2 

3 

4 

3 <fc 4. 

kgms. 

kgms. 

kgms. 

kgms. 

kgms. 

Wheat - Gram : 29.46 

13.33 

21.40 

25.42 

4.02 

Barley - Gram : 22.74 

• 

A /» / /N t 

13.33 

18.04 

27.20 

9.16 


" Average of ‘ Cereal alone ’ and ‘ Gram alone’. 


Total transpiration by the mixture, 
wheat+gram, was 12.09 kgms. higher 
than by gram alone, and was 4.04 kgms. 
dower than by wheat alone. The expected 
value for a mixture of wheat and gram, 
calculated from their total transpiration 

• • x 

when grown alone, was 1.02 kgms. lower 
than for the actual mixture, wheat+gram. 

The mixture, barley+grani, transpired 
altogether much more than either of the 
r crops grown alone. Though there was a 
delay of only 5 days in the date of earing 
of barley in the mixture compared to 
barley grown alone, plants of the mixture 
remained apparently more green till almost 


the end than those grown alone; this is 
indicated by the high rate of transpiration • 
by the mixture almost up to the harvest¬ 
ing time. 

Dry-matter and yield of grain: As in 
the kharif experiment, the results, here 
too, for the two crops in a mixture are ( 
expressed as percentages on the values of 
the same crops when grown separately. 
Before calculating the percentages, the 
latter values were reduced by half, as two 
plants of the same crop were grown per 
pot in these sets, while there was only one 
of each crop in the mixture sets. The 
results are summarised ; 


TABLE No. VI. Id. 

Dry-matter formed and yield of grain by cereal - legume mixtures. 
(Percentage of crops in mixture on those grown alone. On per plant basis). 



Observation. 

• 

Wheat 

Gram 

Wheat + Gram 

Barley 

Gram 

Barley 4 Gram 

Dry-weight of: 

o' 

A> 

o' 

/o 

O' 

JO 

0/ 

/o 

0' 

o' 

JO 

Leaves: 

166 

34 

118 

173 

59 

133 

^ Shoot: 

163 

4 : > 

131 

188 

45 

142 

Plant: 

162 

40 

130 

178 

42 

140 

Yield of grain : 

166 

43 

128 

193 

44 

152 






Growth and maturity of the two cere¬ 
als, particularly barley, were much better 
when they were grown in association with 
gram than when alone. Dry-weight and 
yield of grain of the cereal and gram to¬ 


gether in the mixture were also better 
than the average totals of the two crops 
grown separately. But gram was adverse¬ 
ly affected when in mixture with either 

c* 

of the cereals, compared to gram grown 
alone. 


TABLE No. VI. 14. 

Leaf-to-grain and grain-to-shoot ratios of cereal - legume mixtures. 


‘ Alone \ 


Mixture. 


‘ Alone \ 


Mixture 



Wheat 

Gram 

Wheat 

Gram 

Barley 

Gram 

Bariev 

Gram 

Grain/ 4 Leaf' 

5.34 

3.23 

5.20 

5.11 

5.69 

3.23 

6.37 

3.08 

Shoot Grain : 

1.11 

C.75 

1.08 

0.74 

0.69 

0.75 

0.65 

0,7 6 


Leaf-to-grain ratio was not altered lor 
wheat whether it was grown alone or in 

mixture with gram; hut the value lor 

gram was greater when it was in mixture 

wdth wheat than when alone. The ratio 

for barley increased and that of gram 


lowered when they were in mixture than 
when alone; but I he differences were 
small. 

Grain-to-shoot ratios of the crops were 
not altered by growing them in associ- 
ation. 


TABLE No. VI. 15. 


Water requirements of Cereal - Legume mixtures. 

(Values for crops ‘alone expressed as percentages on mixtures). 


W. R. on 

Wheaf - 
Wheat. 

Grom. 

Barley 

- Gram. 

Gram. 

Barley. 

Gram. 


% 

w 

/O 

Of 

/O 

• 

0/ 

/O 

Leaf-dry-weight : 

106 

83 

00 

co 

91 

Plant-dry-weight: 

101 

124 

64 

121 

Grain. 

106 

109 

88 

131 


Water requirements of the mixture, 
wheat + gram, were mostly lower than of 
wheat or gram alone. The differences were 
generally small. 

Water requirements of barley 4-gram 
were mostly intermediate between I bust; 
of bailey or gram alone. The ratios for 
barley alone were the lowest. 


The results on the rabi crops lead to 
the following observations: 

With low moisture-supply, wheat 
and barley were beneiitted bv 

* V 

association with gram, barley to 
a greater extent than w heat ; 
gram, itself, was adversely affec- 


LS7 


1 . 


ted under similar conditions, to a 
less extent when in association 
with barley than with wheat. 

2. Growing the cereals, particu¬ 
larly barley, in association with 
gram is apparently better than 
growing them alone. 

3. The above observations are based 
on a comparison of the results, 
particularly of growth and yield, 
of the crops in the mixture with 
those grown alone. Two plants 
of a crop were grown in a pot 
belonging to the ‘crop aione 5 
sets, while one of each crop of 
the mixture was grown in each 
pot of the mixture sets. So, for 
a proper comparison, results of 
the ‘ crop alone 1 sets had to be 
reduced by half to bring them to 
single-plant basis. It may be 
argued that in wheat-(-grain or 
barley + gram mixture, growth of 
the grain plants was poor and so, 
apparently the single cereal plant 
in the mixture pot had more soil 
at its disposal than each of the 
two cereal plants in the ‘cereal 
alone 9 pot. This would naturally 


bring in a complication in the 
interpretation of the result*, i.e., 
can the improved growth and ^ 
maturity of the cereal in associ¬ 
ation with gram be attributed 
to the specific effect of the legume 
or is it merely due to poor growth 
of the legume in the mixture 
resulting in extra soil being made 
available to the cereal plant ? 
This point would have become 
clear to a certain extent if sepa¬ 
rate series for ‘ crop alone ? were 
maintained with only one plant 
of the crop in each pot. 

The above difficulty was not 
evident in the kharif crops, at 
least for bajra and moth combi¬ 
nation, where both the crops 
improved in growth when in 
association than when alone. This - 
aspect of the problem is fully / 
discussed later on. ^ 

J. Whatever might be the cause 
lor improved growth of the cereal, 
cultivating a cereal, especially 
barley, in association with grain 
seems to be a sound practice, as 
indicated by the yields of grain : 


TABLE No. VI. 1(>. 


Yield of grain by cereal-legume mixtures 
(in gms. per pot; mean of 5 values). 


Crop combination 


Crops grown alone 
(2 plants per pot) 


Crops in mixture. 
(I plant of each 
crop per pot). 


Wheat — Gram: 
Barley — Gram: 


Cereal. 

Gram. 

Cereal 

Gram. 

gms. 

gms. 

gms. 

gms 

29.9 

13.0 

24.8 

2.8 

33.6 

13.0 

32.5 

2.9 



4 



Thus one plant of wheat in mixture 
yielded 24.8 gms. of grain compared to 
29.9 gms. of grain by two plants of wheat 
when grown alone. In the ease of barley, 
the difference was still smaller, only 


1.1 gm., bet ween the yield of two plants 
of barley grown alone and the yield of 
one plant of barley in association with 
gram. 

o 


PART VI. 

Discussion. 


Growing millets or cereals in association 
with legumes has been a common practice 
in the dry-farming area under considera¬ 
tion. The importance of the practice lias 
not been carefully assessed so far, in India. 
Sir John Russel (1937) observed : ‘ The 
agricultural economic aspects of mixed 
cropping should be studied in view of the 
widespread use of this practice (in India) 
and tlie probability that some crops mix 
better than others.” Work in India has 
been reviewed by Iyengar (1942' and Iyer 
(1949). They point out that experiments 
have not been properly conducted to in¬ 
vestigate the problem. They conclude 
that some mixtures are beneficial while 
others are not ; the results however are 
inconcluslivc. 


In most of the mixtures grown by him, 
Lipman (1912) was unable to note any 
beneficial effect of the legume on the non- 
legume. According to Madhok (1940), 
Virtanen and his associates concluded from 
their studies that the non-legume was 
benefit ted in growth and nitrogen-content 
when grown in association with a legume. 

Of immediate importance to the present 

studies are the results obtained bv Madhok 

%/ 

(19 10), as the work relates to the mix¬ 
tures in vogue in the Punjab, India, where 
the present studies were also carried out. 
Besides other cultures, lie studied the 
combination of (i) Chari (juar—-green fod¬ 


der) andguara (legume', and of(ii) wheat 
and chick-pea (gram), grown alone and in 
mixture in different proportions. The re¬ 
levant conclusions are ; 



Chari improved in growth (green 
weight ) by about 15", when in 
association with guara than when 


alone. Growth of guara 
mixture was less by 42% 


in the 


to 


| « i 

u> 


of the oontrol. 


ii. In the combination of wheat and 
gram (Experiment IIP, gram 
lost by 14% to 19’, in dry w eight 
by association with wheat ; 
wheat did nut obtain a corres¬ 
ponding benefit. 


iii. Legume in association suffers 
definitely ; wheat has shown little 
if any, gain in weight while chari 
has gained considerably. 

There is one fundamental difference in 
the interpretation of his data and that 
adopted in the present studies. Tn his 
experiments, he compares tlu* growth of 
tlie non-legume or the legume of the mix¬ 
ture container with that of the respective 
crop plant grown alone, without any con¬ 
sideration of the total number of plants 
raised in the mixture pot or ‘alone’ pot. 
To make it more clear, the following re¬ 
sults are selected from one of his experi¬ 
ments : 



TABLE No. VI. 17. 

Dry-weight of Wheat—gram mixtures. (Madliok, 1940). 

(in gins, per container). 


Crop combination. 


Grown alone Grown in 

(control) mixture. 

Wheat Gram Wheat Gram 

gms. gms. gms. gms. 


% loss or gain 
over control. 

Wheat Gram. 

of of 

/o /O 


Wheat + Gram : 

I. 1+0 or ) 

0+1 or > 0.312 0.20 0 348 0.25 +11.4 - '4.0 

1 + 1 3 

II. 2 + 0 or) 

0 + 2 or > 0.460 0.50 0.415 0.432 - 10.0 - 13.6 

2 + 2 3 


In the same experiment, he included 
three plants of each crop also but the re¬ 
sults are not given in the above table. 

Now, to compare the growth of one 
plant of wheat raised singly in a beaker 
containing 1000 gms. of sand with that of 
a wheat plant grown along with a gram 
plant in another similar container, is not 
altogether correct. In a similar way, two 
plants of wheat, grown alone in a beaker, 
cannot be compared with two of wheat, 


grown in association with two grain plants 
(altogether two plants in one beaker and 
four plants, though not of the same crop, 
in the second beaker). 

In order to compare his results with 
those obtained in the present experiment, 
his data for 1 + 1 mixture are tabulated 
along with those of 2 + 0 or 0 + 2, after 
reducing the latter values to single plant 
basis, as has been done in the calculation 
of the present studies. 


TABLE No. VI. 18. 


Dry weight of wheat and gram plants grown ‘ alone ’ and in mixture. 



Experiment of: 


Madhok (1940): 
Present author : 


* Grown alone. 
Wheat Gram 

In mixture. 

% of ‘ mixture ’ 

on ‘alone 

Wheat 

Gram 

Wheat 

Gram 

gms. 

gms. 

gms. 

gms. 

0/ 

A> 

Of 

/o 

0.23 

0.25 

0.348 

0.25 

151 

100 

34.0 

12.8 

56.7 

5.1 

162 

40 



*The values under this head are obtained by reducing to half, the values o 
each crop when grown alone, because, in the ‘alone’ pots, two plants of a single ciop 
are grown while the mixture pot contained one plant of each of t he two crops. 






The following table gives the percentage 
gain or loss of each crop in the mixture 
on the respective control, from his results, 
according to his and according to the 


present author’s interpretation, along with 
the results of the experiment reported in 
present studies. 


TABLE No. VL 19. 

Percentage gain or loss over control in plant-dry-weight. (Wheat t Gram). 


Results of. Interpretation by 


Wheat. Gram. 


n/ (V 

/o /o 

Madhok (1940): i. Madhok: 4 11.4 -14 

ii. Present author: ♦ 51 Nil 

Present expt.: Author. +62 -60 


It may be noted Ilia 1 the present experi¬ 
ment was carried cut in large pots, each 
with 35 kgms. of soil and the moisture- 
content of the soil was low : while beakers 
with 1000 gms. of sand were used by 
Madhok, apparently with optimum water 
and nutrient supply. 

That Madhok himself realised the neces¬ 
sity of comparing the results on per plant 
basis can be seen in one of his experiments 
where lie raised gram and wheat in mix¬ 
tures, one of gram with 1, 2, 3 and 4 of 
wheat plants- He compares the growth 
of wheat in the last \ hree mixtures with 
the growth of wheat in the first mixture 
on per plant basis. Even so, lie never 
took into consideration the crop plant 
(second) in the mixture. 


Expressing the problem more clearly 
if, in one plot, 100 plants of wheat are 
raised, and in another similar plot, 10< 
plants of wheat and 100 of gram are 
raised in close association, it is difficult tc 
imagine how, under normal condition! 
the yield of wheat in the second plot cai 
heal 1 ho yield of wheat in 1 he first plot 
(the 100 gram plants cannot grow on ai: 
alone); further, iI it yields more, tliei 
alone can one conclude that the legume 
had been beneficial to the cereal ! It i; 
no doubt surprising to find that Madhol 


did ol sc i ve in Iks expc rim ni s sui h i c suit s 
particularly with chari and guara, and 
rarelv with wheat and gram. 

%/ Q 

The problem itself becomes ticklish if 
one is to assess correctly the beneficial 
effect of the legume on the non-legume. 
Should he raise 200 plants of wheat in 
another similar plot and reduce its total 
yield to half for the sake of comparison. 
But, then, 100 plants of wheat cannot be 
equivalent to 100 of gram regarding the 
nutrient and water requirements. Thus, 
it is necessary in such experiments, to 
keep in mind, t lie fertility of the soil, the 
water-supply and plant-spacing so that 
these factors do not disturb the conclu¬ 
sions regarding the beneficial effect of the 
legume on the non-legume when both are 
grown in association. 

According to Iyer (1949), Nicol (1936) 
says ; :In comparing the yields from mixed 
crops as against pure sown crops, the 
basis of comparison should take note of 
the actual space utilised by the crop in 
each ease '. Similar view's were expressed 
by Morris (1934) and Papadakis (1941) 
regarding inteipretation of data from 
mixtures. 

Keeping in view' the above remarks, it 
is new intended to examine critically tlie 
results of a Rot hair, sted field experiment 
quoted by E. W. Russell (1950, p. 321). 


The above table is claimed by Russell 
to be a ‘‘typical illustration of the few 
results that have been obtained all over 
t he world with cereals and forage grasses’. 
From the above results and the results of 
oi her workers, he concludes that the yield 
of the non-legume has nearly always been 
reduced, evidently implying that the 
legume has imparted no beneficial effect 
to the non-legume. The picture would 
have become a little more clear, if in the 
above experiment, the two crops were 
also grown separately with all the different 
seed-rates, i.e., 50 lbs. 100 lbs. and 150 lbs. 
It in such an experiment, yield of oats from 
any mixture is higher than the yield from 
the respective control, then, would it not 
indicate definitely that the oats in the 
mixture are benefitted ? If the yield 
of oats is not greater in any of the mix¬ 
tures than the corresponding control, even 
then it cannot be definitely concluded 
that the oats in the mixture are not bene¬ 
fit ted. However, from a practical point 
of view, it the 200 lbs per acre seedrate 
was found to bte the optimum rate for 


oats under Rothamsted conditions, the 
Rothamsted farmer should certainly not 
think of the mixture, if he is desirous of 
getting maximum outturn of oats alone. 


The Rothamsted experiment of 1932 
was not evidently designed with the opject 
of solving the theoretical aspect of the 
problem, much less of being quoted in a 
text-book as a typical illustration of 
the few results that have been obtained 

all over the world.” Russell, however, 

has not overlooked the complications in¬ 
volved in arriving at definite conclusions 
ot theoretical importance from the results 
ot the experiment, as could be seen from 
his discussion on the nitrogen-content of 
the non-legume and the legume. He could 
have also, at least hinted at the possibility 
of similar complications in interpreting 
1 he yield data. 


Finally, the yields obtained in the pre¬ 
sent experiment from the different crops | 
grown in pots, alone and in mixture, with 
low water supply, are summarised : 





TABLE No. VI. 21. 


Effect of mixed cropping on grain-yield of cereals or millets and legumes 

(in gins, per pot). 

(Mean of 5 replications). 


Crops in mixture. 


Yield of 
cereal or millet 

Alone. With Legume. 


Total 


Yield of 
legume. 


With Cereal Alone. 




gms. 

gms. 

gms. 

gms. 

gms. 

Kharif crops: 

1. Bajra—Guara: 


11.0 

6.5 

15.2 

8.7 

12.1 


S. E + 

1.7 

0.9 

1.6 

0.9 

1.6 

2. Bajra—Moth : 


11.0 

8.9 

18.5 

9.6 

17.1 


S. E+ 

1.7 

0.5 

0.7 

0.5 

1.4 

3. Juar—Guara: 


6.9 

6.4 

11.5 

5.1 

12.1 


S. E + 

0.8 

0.6 

0.8 

0.8 

J .6 

4. Juar—Moth: 


6.9 

6.4 

J 3.2 

6.8 

17.1 


S. E+ 

0.8 

0.5 

0.8 

0.7 

1.4 

Rabi crops: 

1. Wheat— Gram : 


29.9 

24.8 

27.6 

2.8 

13.0 


S.E + 

2.0 

1.6 

1.6 

0.3 

0.9 

2. Barley— Gram : 


33.6 

32.5 

35.4 

2.9 

13.0 


S-E + 

1.5 

2.0 

2.3 

0.4 

0.9 


Notes for the above table: 

1. One plant of each crop in the mixture pot : two plants of 
c Alone ’ pot. 

2. “ Total Total yield of the Mixture pot; total of columns 

3. Cereals: wheat, barley; millets: bajra. juar; legumes: guara, 

4. S E. : Standard error. 


each crop in the 


2 and 4. 
moth and gram. 


The above results certainly support the 
“ outstanding *’ fact “that neither crop 
gives as large a yield in mixed culture as 
when grown alone, although the combined 
yield may be higher than either” (E. W. 
Russell, 1950. p. 495). It also indicates 
that the non* legume is benefit ted, when 
the riMilts are interpreted on equal stand; 
the legume is generally depressed, appa¬ 
rently due to the shade of the better- 


grown non-legume. The results also sup¬ 
port Sir John Russell’s remark (1937, p. 
38) that probably some crops mix better 
than i lie others. Bariev-)-gram is definite¬ 
ly better than wheat ■+ gram : bajra fares 

better than juar when in association with 
a legume. • • 

The values of water requirements * oh 
whole plant and on grain are summarised : 


9,5 


1»8 




Khar if crops : 

Bajra—Guara: 233 501 

S.E.+ 12 19 

Bajra —Moth: 233 507 

SE+ 12 17 

Juar—Guara: 259 501 

S.E.+ 13 li) 

Juar—Moth: 259 507 

S.E.4- 13 17 

llabi cro-ps : 

Wheat — Gram: 420 512 

S.E.+ ,0 JO 

Barley-Gram 343 512 

S.E.+ 8 10 


£93 

900 

1700 

1231 

5 

68 

134 

74 

390 ■ : 

900 

M74 

0 

1291 

12 ' ' 

’ • 68 

48 

38 

325 

09" 

1700 

2200 

10 

543 

134 

263 

332 

3509 

1474 

2290 

9 

543 

48 

216 

414 

932 

• 

1010 

924 

12 

27 

17 

19 

423 

678 

1010 

772 

8 

14 

17 

13 


Water requirement of tlie mixture is 
usually intermeeliate between the values 
for individual crops of the mixture. The 
i©suits have already been fully explained. 
As similar studies have not been carried 
out so far. the results could not be com¬ 
pared with others’ data. 

PART VI 

Conclusions 

The effect of mixed cropping (a cereal 
or millet with a legume) on growth, yield, 
transpiration and water requirements, was 
investigated in pot cultures. The mixtures, 
generally grown in the locality, were tried: 
bajra -f- guara, bajra -f* mot h, juar-(-guara, 
and juar+moth during the kliarif season : 
and wheat-}-gram and barley+gram du- 
ring the T 'abi season. The crops were 
grown ‘alone 5 (two plants of the same 
crop per pot) and in mixture (one plant of 


((jeal or millet alcrg Mill, ore of Jcgime) 
Five replications were maintained 

The following conclusions can he drawn 
from the results: 

1. Weekly rate of transpiration, total 
transpiration, and water requirements of 
the mixtures v ere generally intermediate 
between the values of the component 
crops, grown alone. 

2. Neither crop give as large a yield in 
mixed culture, as when grown alone : the 
combined yield may. be higher than by 
either crop, as in bajra-f guara, bajra + 
moth and barley-)-gram. 

3. The possibility of the beneficial 
effect of legume on non-legume is indi 
cated. The legume, itself, is depressed. 

4. The complications involved in a 
correct assessment of the beneficial effect 
of legume on non-legume from similar 
studies have been fully discussed^ 


PART VII 

Eff ecf °f &odnnn chloride in soil on Transpiration and Water Requirement of Or 


am i 


Introduction. 

In dry-farming areas, gram seeds fail 
to germinate in some fields due to the 
high salt-content of the soil. The seeds 
germinate in some areas but later on the 
plants dry up, particularly when rains 
during the previous kliarif season were 
inadequate and the winter rains are below 
normal However, moisture-content of 
the soil in the root-zone is above the 
wilting co-efficient of the soil, indicating 

available water for the 
growing plants. Chemical analysis of the 
soil showed the total concentration of 
soluble salts to be above normal and 
sodium chloride predominated. It was 
felt that such a concentration of soluble 
salts might affect the growth of plants, 
especially when the moisture-content of 
the soil was lowered. It was also noted 
that gram I. P. 58 fared comparatively 
better than 1.7 under such conditions. 

In order to understand the effect of 
sodium chloride in the soil on transpira¬ 
tion and water-requirement of gram, the 
present experiment was conducted during 

labi 1939-40 with the following treat¬ 
ments. 

(1) ..Salt-content (sodium chloride) of 

the soil: 

(a) Sodium chloride added to 
the soil at 0.05 gm. per 100 

gms, of oven-dry soil: ‘0.05 r ^ 
NaCl\ 

(b) Control - without any addi¬ 
tion of salt. 

(2) Soil-moist ure-content. 

(a) Optimum level (13 ;,)through- 
out the life-period of the 
plants. 

(b) Low level (8%) throughout. 

(«i) types of gram : 


(a) Gram T, 7. (b) Gram l.P.58 

Thus there were 8 treatments with 
duplicate pots for each treatment. The 
size of the pots was 12"X 12", each with 
23 kg ms. of light loam soil. 

The amount ol pure sodium ehloride 
required for each pot was calculated and 
dissolved in the water which was added 
to the air-dry soil to raise its moisture- 
content to tlie des'red level (13 y. or 8 '., 
as the case may be). The soil was 

thoroughly mixed and the pot was tilled 

up according to t lie usual technique 
already explained- in Part I. The metl.o I 
of subsequent watering was also according 
to the same technique. Seeds were sown 
on 18-10- 39, and two plants per pot were 
grown to maturity. 


Results. 


(Statement No. VII. Fig. No. VII.) 

Weather: Til] the 13th week alter 
sow ing, the weather was relatively dry ; 
weekly evaporation from the Pk-he's 
evaporimeter fluctuated between 4Uce! 
and 80ce. During the following lour 
weeks, when flowering was in progress 
evaporation remained low (below 40ee 
per week). Later on, i.e, during the 
maturity stage, the weekly evaporation 
langed from 50cc. to 85cc. and during the 
last week (23rd) it went up to 109,c." 

Rate of transpiration : Gram T. 7 . 
With optimum moisture-supply, the curve 
lor rate of transpiration by the plants 
grow mg m soil with added salt (0.05 
AaU treatment) remained at a lower level 
throughout than for plants in normal soil 
(control). The differences were more 
marked in the early growth and floweriii" 

stages (till the 16th week after sowing 

than later on. ^ 

With low moisture-supply (8 b) the 
curves for the two treatments, 0.05^ NaCl 


and control, were fairly close to each 
other and the differences were neither 
marked nor consistent. 

Gram I.P. 58: With optimum moisture- 
supply, the effect of 0.05 NaCl treatment 
on transpiration was similar to that noted 
for gram T.7. But with the low moisture- 


supply, rate of transpiration for the 0.05% 
NaCl was only one-half to one-third 
control, till the plants were about 15 


weeks old. Later on the difference was ^ 
much reduced. % 


Total transpiration: The results are 
summarised : 


TABLE NO. VII. 1. 

Effect of *NaCl on Total transpiration by Gram types. 

(Mean of duplicates). 


Total transpiration (kgms. per pot) % of NaCl on Control. 

Moisture - supply: 

Optimum-13 % Low-8%. _ Opt. Low. 

Control NaCl. Control NaCl. 


kgms. kgms. kgms. kgms. % 

Gram T. 7 31.20 23.07 15.80 14.83 70 

Gram 1. P. 58. 34.40 24 97 19.30 14.15 73 

*Na01: 0 05% of NaCl added to the soil. 



With the optimum moisture-supply, the 
NaCl treatment resulted in a reduction of 
about 25% of the total transpiration by 
both gram T.7 and l.P.58 from the 
control. With the low moisture-supply, 
total transpiration by gram T.7 was 
lowered by only 0% by the NaCl treatment 
while it was 27 for I.P.58 under similar 
conditions. 

Considering the effect of each of the two 
factors, soil moisture and NaCl, separately, 


total transpiration by the two types o 
gram was reduced to 56 v o by lowering the 
soil-moisture, irrespective of the NaCl. 
Irrespective of variations in the soil mois¬ 
ture, addition of NaCl lowered the total 
transpiration by gram T.7 to 82;% and bv 
I.P. 58 to 73% of the controls. 

4 
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Total dry matter : The results for 0.05% 
NaCl treatment are expressed as percen¬ 
tages on the respective controls in the 


following table : 



i'ABLE No. VII. 2. 

Effect of NaCl on dry matter formed in Oram T. 7 and I.P. 08 . 
(Values of ‘ 0,05% NaCl ’ expressed as percentages on respective controls). 



Gram T. 7. 

Gram I. 

P. 58. 

Total dry-weight of: 

Moisture- 

-supply 

Moisture- 

•supply. 

Optimum. 

Low. 

Optimum. 

Low. 


o' 

O 

of 
. o 

0/ 

/o 

o' 

fO 

Leaves : 

42 

112 

62 

91 

Shoot : 

59 

67 

54 

47 

Plant : 

55 

66 

50 

45 

Yield of grain : 

*81 

55 

34 

33 


* Grain-formation in the control pots (Optimum moisture-supply) was 
defective, and the percentage value, 81 b, was apparently high. 


The treatment, ‘0.05 L NaCl’. resulted in 
a considerable reduction in total dry 
matter formed by both gram T 7 and I P. 

58, whether the moisture supply was 

optimum or low ; but the dry-weight of 

leaves of T. 7 and I. P. 58 was practically 

unaffected by the treatment, when the 

moisture-supply was low, the percentage 

values for the two types being 1 12 0 and 

91'’o respectively. 


Gram I. P. 58 suffered moie than T. 7 
by the salt treatment. 

I. P. 58. 

4 

parts of 


Yield of grain, particularly by 
was more affected than other 
the plant. 


again, in 


Water requirements : Here 
order to bring out the effect of the treat¬ 
ment clearly, the actual values obtained 
for the salt treatment are expressed as 
percentages of the respective controls : 


TABLE No. VII. 3. 

Effect of NaCl on Water Requirements of Gram types. 
(Values of ‘NaCl expressed as ° G on respective controls) 


W R. on 


Gram T. 7. 
Moisture-sup ply. 
Optimum. Low 


Gram I. P. 58. 
Moist ure-s u p p 1 y. 
Optimum. Low. 


Grain : 

Plant-dry-weight 


o/ 

/O 

*89 

136 


O/ 

,o 


f * 




o 


181 

141 


210 

158 


161 


166 


'Due to defective grain-formation in the control, the value is low. 
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Addition of .sodium chloride to the soil, 

; 0,05°oNaCl 5 treatment, raised the water 
requirement of both the gram types over 
that of the 4 control 5 by more than 40%; 
water requirement on grain basis was 
increased generally to a greater extent 

v y »/ O 

than on whole plant; gram I.P.58 appa¬ 
rently suffered more than T.7; the influ¬ 
ence of moisture supply was negligible. 

Discussion 

It is generally known that the influence 
of the total dissolved salts or even the 
concentration of single stilts (like sodium 
chloride) in the soil on germination and 
growth of plants will be enhanced as the 
amount of soil water decreases. This 
result is naturally due to the increase in 
the osmotic concentration of the soil 
solution or to the toxic effect of the single 

O 

salt. Unpublished data from experiments 
carried out by the author, clearly indica¬ 
ted the deleterious effect of even 0.05% of 
NaCl in soil on germination of gram seeds 
when the soil moisture was low. The 
present experiment was conducted to in¬ 
vestigate the effect of sodium chloride (0. 
05% on oven-dry soil) on transpiration, 
growth and water requirement of gram 
with optimum (18%) and low (8%) soil mois¬ 
ture. 


flicome (1903) used 0.06% to 0.08% of 
NaCl in his studies on transpiration.^ 
Harter (1908) investigated the effect on 
wheat of high and low concentrations of 
sodium chloride. Lipman and Gericke 
(1915), from their studies on growth of 
barley with concentrations of sodium 
chloride and other sodium salts ranging 
from 0.1% to 0.85%, observed that the 
lowest concentration stimulated the 
growth of barley while those above 0.3% 
were definitely toxic in the case of sodium 
chloride. In the above studies optimum 
water supply was maintained. 

According to the results of Ricome, and 
Lipman and Gericke, the concentration of 
NaCl, 0.05 %, adopted in the present ex¬ 
periment, should be low enough to cause 
stimulative effect. The results, however, 
indicate that,' even with optimum water 
supply, weekly transpiration, per pot with 
two plants, by gram was adversely affected. 
With similar low concentrations, Ricome 

and Harter observed a stimulative effect 
on transpiration. That there was a 
stimulative effect on transpiration, even 
in the present experiment, could be in¬ 
directly shown from the data on total 
transpiration per unit total leaf - dry - 
matter. 

No. VII. 4. 


TA15.L.U 

Effect of 0.06 o NaCl on total transpiration per unit leaf-dry-matter of 

..gram T. 7 and gram I. I*: 58V 

(With optimum soil moisture) 


Observation: 


Gram T. 7. 
Control. NaCl. 


Gram I. P. 58. 
Control. NaCl 


Per pot with two plants : 
(mean of duplicates) : 


Total leaf-dry-weight (gms.) 

15.9 

| • 

6,7 

14 6 

9.1 

Total transpiration (kgms.) 

31.20 

23.67 

34.40 

24.97 

Transpn. per unit leaf-dry-wt. 

2008 

3535 

2389 

2754 
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The amount of water transpired per 
unit leaf-dry-weight was definitely higher 
for the Nad-treated set than for the 
control. Transpiration by gram T. 7 was • 
evidently more stimulated by the Nad 


than transpiration by I,I\ 58. 

With the low water-supply, however, 
the leaf-to-transpiration ratio was lowered 
by the Nad, the values being : 



Gram. 


Control. 
0.05% NaCl. 
% on control. 


T. 7. 

3657 

3146 

B6°o 


T. P. 58 

4148 

3323 

80 % 



_ Gram T.p. 58 suffered less than gram T. 
7. Thus, a concentration of ‘0.05°,’ NaCl in 
the soil stimulated transpiration per unit 
leaf-dry-matter of gram when the water 
supply was optimum (13% soil moisture). 
The same amount of NaCl became appa- 
rently harmful when the water-supply 
was low ( 8 %), indicating that the effective 
concentration of the salt was raised with 
a reduction in the soil moisture. 

If the amount of NaCl (0.05- on soil 
basis) is calculated in terms of the soil 
solution, the concentration becomes quite 
high, 0.38°,, for the optimum (13 land 

0.03% for the low level ( 8 c ' t ) of soil mois- 

ure- As, in the exq eiiments of the above 
workers, the moisture-content of the soil 

was not stated, it is not possible to assess 

the concentration of NaCl used, in teirns 
ol the soil solution. 

Growth and maturity of pram plants 
Rere adversdy affected by theadded NaCl 
lO.Oo <,), both with the optimum and the 

MairT at ! r SUpply ' Li I man and Gericke 
V- c.i <J,,sl ' rvc ' 1 a . stimulating effect of 
Aa( 1 on growth of barley with conccn- 

t rat nins up to 0.3% (,, n oven-dry soil) 
awond which the toxic i ffect was noted. 
1 arley is decidedly more tolerant to the 
salt than gram, a leguminous pulse. 

Irrespective of ihc water-supply, addi¬ 
tion of sodium chloride to the soil raised 
t he water requirement of cram by more 
than „ 0 « over the control; growth of 
tram was considerably ieduced by the 


NaCl without a similar reduction in trails- 
pi rat ion. 

During the last decade, much work has 
been done on plant growth relations in 
alkali and saline soils and the topic has 
been reviewed in detail by Magistad (1945). 
Reduced growth in saline soil is due to 
the high osmotic pressure of the soil solu¬ 
tion, according to Magistad, et al (l‘J 4 .), 

and Gauch and Magistad (194) Hay¬ 
ward and Spurr (1943 and Rosene (1941) 
observed that the rate of intake of water 
by barley roots was lowered with increase 
in the osmotic pressure of the soil solution, 
baton (1942) noted, in sand cultures, a 
decrease in growth of salt-tolerant crops 
as also in their total transpiration with 
increase in the osmotic pressure of the 
culture solution. The water requirement 

remaincd fairly constant 
u>« 5 J oo 1 ) within the range 0.7 to 3 5 

atmospheres. With 5.1 atmospheres, the 
•water requirement went up to 649 . The 
above workers carried out their experi¬ 
ments in the laboratory or in sand cul¬ 
tures. 

In the present experiment, as already 
poi ^ ed out > tlle concentration of 0.05' 
AaC! (on oven-dry soil! tomes to about 
0.38 in soil solution for the 13% soil mois¬ 
ture level It is equivalent to an osmot'c 
pressure of less than 2 atmospheres. Eve i 
this small increase in the osmotic pressure 
oi the sod solution resulted in about 50 
decrease in total dry matter of gram 
plants. It is much higher than the effect 



observed by Eaton (1942), and by Gauch 
and Magistad (1943): the latter noted a 
10% reduction in yield of lucerne for each 
increase of one atmosphere in the osmotic 
pressure of the solution supplied. But 
their results relate to salt-tolerant crops 
while gram, like pea and bean, is apparent¬ 
ly salt-sensitive (Russell, 1950, p. 554). 

Magistad and Reitmeier (1943', while 
studying the effect of soil solution con- 
centration at the wilting range on growth 
of different crop plants, observed that at 
the wilting point of the soil (equivalent to 
about 15 atmospheres of suction for the 
soil water), an osmotic concentration of 
the solution, equivalent to 2 atmospheres 
(less than 0.4% of dissolved salts) did not 
affect the growth of the plants, while most 
of the crops suffered heavily with an 
osmotic concentration of 10 atmospheres 
at the wilting point. In the present 
study, witli the low level of soil moisture 
(8%h total dry weight of gram was 
reduced by about 55% with an addition 
cf 0.05% (on oven-dry soil) of XaCl 
to the soil. It may be noted that the 
wilting coefficient of the soil is about 4%, 
and so, the suction of the soil water for 
8% soil moisture level is less than 15 at- 
mosj heres. Moreover, the salt concentra¬ 
tion is equal to an osmotic pressure of 
about 3 atmospheres. (The salt concen¬ 
tration of the soil solution for the low 
level of soil moisture in the present experi¬ 
ment' comes to about 0*63%). Still the 
growth of gram was adversely affected, 
apparently because gram is sensitive to 
the salt. 

Still more interesting arc the data 
collected by Wadleigh and Ayres ( 945) 
on ti e effect of reduction in soil moisture 
and of increase in theKaCl content of the 
soil on growth of beans. Their results 
s 1: ow : 

1. W’thout any aditicn of the salt 
to the soil, growth was reduced 
as the suction cf soil water in¬ 
creased (ie., as the soil moisture 
decreased). 


2 . With low, medium, or high suc¬ 
tion, there was a progressive dec¬ 
rease in growth witl increase in 
the salt content of tl • soil. 


The above results are generally confir¬ 
med by the data obtained in the present 
experiment, where two levels of soil mois¬ 
ture (optimum - 1 i%, and low-8%) were 
maintained, with and without the added 
sa lt. Thus, it is the total pressure (ie., 
osmotic pressure of the soil solution and 
suction of the soil water) which decides 
the adverse effect on growth. The total 
pressure is, in recent times, expressed in 
atmospheres as the free energy Of the soil 

water. 

Besides the osmotic effect, single salts 
may have a toxic effect too. According 
to Russell (-950, p. 550), “ peaches and 
beans are damaged by chlorides in the soil 
solution at osmotic pressures, at which 
sulphates do not harm them.” It is diffi¬ 
cult, in view of the meagre data of the 
present experiment, to decide whether the 
adverse effect of the added safe is due to 
its osmotic or toxic effect or both. 


Conclusions 

The effect of an addition of 0 05% of 
sodium chloride to the soil on transpira¬ 
tion. g owth and water requirements of 
gram is as follows, when the soil moisture 
was maintained at the optimum and the 
low levels : 



eekly rale of transpiration by 
th types of gram, T. 7 and l.P. 
, was generally lowered when 
? moisture-supply was optimum, 
th the low soil moisture, a sinii- 
* reduction but to a less extent 
,s noted only for gram IP- 58 - 
it total transpiration per unit 
f-drv-matter was greater with 
- NaC than with the control, 
ion the soil moist u' was opti- 
uu; with the low wa-er supply, 
j ratio was lowered by the 
.Cl treatment. 


2. Total transpiration by gram I.P. 
58 was lowered by 27% with both 
optimum and low levels of mois¬ 
ture supply; it was lowered by 
24% for T. 7 with the optimum 
soil moisture, and by only 6° c 
with the low soil moisture. How¬ 
ever, the effect of the low mois¬ 
ture supply on total transpiration 
compared to the optimum supply, 
was more pronounced than the 
effect of sodium chloride compa¬ 
red to control; the average re¬ 
duction, irrespective of the type 
of gram, was to 56% and to 78% 
by the low soil moisture, and by 
the NaCl treatment respectively. 

3. Growth and maturity of both the 
gram types, as indicated by the 
total dry-weight and the yield ol 
grain were considerably lowered 
by sodium chloride, irrespective 


of the moisture supply, but the 
dry-weight of leaves of both the 
types was scarcely affected by 
the salt-content of the soil 
when the moisture supply was 
low. Gram L P. 58 apparently 
suffered more than T. 7 by the 
salt treatment., particularly re¬ 
garding its yield of grain. 

4 . Water requirements of both the 
gram types were increased 
generally by more than 40'/,, 
irrespective of the levels of mois¬ 
ture-supply. 

The results have been discussed in detail 
with reference to the more recent views on 
the relation between the suction of the 
soil water and the osmotic concentration 
of the soil solution, and their individual 
and combined effects on growth of plants. 


PART VIII 


JCfftct of time of sowing on 


Transpiration and Water 


Requirements of Bajra. 


Introduction. 


Tn the locality under consideration, 
bajra is sown with the break of monsoon, 
generally in the second lortnight of June. 
Occasionally, the sowing is delayed by two 
to three weeks, due to the late setting in 
of monsoon. It is believed that such a 
delay in sowing bajra does not give as 
good a crop as bajra sown in June. 

In order to study the effect of late 
sowing on transpiration, growth and water 
requirement of bajra, the present experi¬ 
ment was conducted in kharif of 1939. 
Seeds of bajra A. 1 % the late earing type, 
were sown in pots, 12"xl8" in size, on two 
dates, 29th June (normal sowing time) and 
11th July (delayed sowing). The pot- 
culturc technique, followed in the present 
experiment, was the same as in the pre¬ 
vious studios. Moisture-content of the 


soil was maintained at the optimum level 
(1;-%) throughout, for all the pots. Two 
plants per pot were giownto maturity. 
Five replications were maintained 

Results. 

(Statement No. VIII. Fig. No. VI IT.) 

Weather: The kharif season of 1939 
was generally dry with two severe drought 
periods, in August and in October, when 
the weekly evaporation from the Fichc’s 
evaporimeter remained above lOOee. At 
other times, it fluctuated bet ween 40ee. 
and lOOee. 

Rate of transpiration : The first drought 
period coincided with tlie early ‘shooting 
stage’ of the bajia plants sown at the 
normal time G29th June) resulting in a 
rapid rise in tlie rate of transpiration, 
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read ling at this time almost the maximum 
level. The late-sown plants were in the 
tillering phase- during this period and their 
rate ol transpiration, though it increased 
rapidly, was at a low level. 

t 


Normal-sown plants eared on 4th of 
September and since then, their rate of 
transpiration started going down con¬ 
tinuously till the end. Late-sown plants 
eared twelve days later (16th September), 
and their rate continued to rise for about 


two weeks after earing and then the 
curve went down. 


The second drought period coincided 
with the final maturity stage of the nor¬ 
mal-sown plants; their^ transpiration 
curve which was already going down, 
quickened its downward trend. The late- 
sown plants experienced the drought when 
their grain: was filling, and when their 
rate of transpiration was at its maximum 
level. Due to the drought, the plants 
ripened apparently in an immature stage ; 
the rate went down rapidly. The above 
points are illustrated by the following 
results: * ' 


TABLE No. VIII. 1. 

Weekly rate of transpiration by Bajra A. 1/3. 

(Mean per pot in gms.) 


Transpn. during 
week ending : 


Sowing time. 

Normal Late 

(29-6-1939) (1l-7-’39) 


Evaporation during 
the week in cc. 



gras. 

gms. 

cc. 


7th Aug. 

5215 

386 

127 

1st drought. 

14th Aug. 

7735 

777 

108 


4th .Sept. 

7162c 

3706 

73 

mild. 

18th Sept. 

4268 

5499e 

48 

mild. 

i 

2nd Oct. 

3252 

8183 

156 

1 

2nd drought 

9th Oct. 

1878 

473 > 

115 




c: first ear emerges. Both sowings harve.sted on 16th Oct. 


Total transpiration : Normal-sown plants 
transpired altogether 58.02 kgms. per 
pot with two plants compared to 44. 28 
kgms. by the late-sown plants ; The grea¬ 
ter loss by the former was partly due to 
their longer life-period and also to the 
occurrence of the first drought during 
their shooting stage. 

Dry-matter formation : The dry-weight 


of leaves and whole plant of the late-sown 
bajra was only 66% of the normal-sown 
plants, while the yield of grain was reduc¬ 
ed by only 26%. It indicates relatively 
more vegetative growth than grain-forma¬ 
tion in the normal-sown plante, but the 
difference between the grain-to-shoot 
ra tios of the two sowings was quite smalls, 
2.8 for normal-sown plants and 2.9 for the 
late-sown. 



Water requirement: The values on grain- and in the whole plant are sura 
yield and on dry-matter formed in leaves marised : 


TABLE No. VIII. 2. 

Effect of time of sowing on Water requirements of Bajra A. 1/3 

(Mean of five replications). 


Treatment 


Water requirement on : 
‘Leaves’. Grain. Plant . 


Normal Sowing: 
Late sewing: 


1658+46 1652 + 77 323±10 

19531121 1701+89 370+8 


The water requirements on ‘leaves’, on 
grain and on ‘ plant 5 were slightly higher 
for the late-sown than for the normal- 
sown plants, but the difference was statis¬ 
tically significant only for the water 
requirement on plant. 

Discussion 

Although time of sowing is an impor¬ 
tant factor in agricultural practices, it is 
seldom under complete control of the dry¬ 
farming cultivator. In the locality under 
study, sowing of the kharif crops depends 
entirely on the vagaries of the monsoon - 
setting. Sowing of the rabi crops can be 
delayed to a certain extent, depending on 
the total rainfall received in the preceding 
kharif season, the time and intensity of 
the last kharif rains, and the methods 
adopted for conserving the soil-moisture 
in the period intervening between the last 
rains and the rabi sowings. 

In the present experiment, conducted 
during the kharif of 1939, the influence of 
delayed sowing on transpiration, growth, 
maturity and water requirements of Lajra 
A. 1/3 (a late type) have been investigated. 


The results indicate that the late-sowing, 
compared to normal-sowing, resulted in 
less growth and yield of grain, lower ex¬ 
penditure of water, hut a significantly 
higher water requirement (on plant basis) 
of bajra A 1/3. 

Similar studies have not been under¬ 
taken so far in India, nor even apparently 
by workers abroad, though their studies 
on water requirements frequently show 
variations in the date of sowing which 
were more incidental than intentional. In 
his experiments on the influence of soil- 
moisture on growth and water require¬ 
ment of sunflower, Martin (1940; adopted 
three different sowing dates in one set and 
two in another. As he was interested in 
the effect of water-supply, lie did not 
discuss the variations in the water require¬ 
ment due to difference in sowing date, nor 
did he explain the weather conditions 
during the different experiments. His 
results are summarised for one set of 
experiments to indicate the influence of 
time of sowing on growth and watev re¬ 
quirement of sunflower, grown with good 
water-supply. 


TABLE No. VIII. 3. 


Effect of time of sowing on growth, transpiration, and water require¬ 
ments of sunflower. (Martin, 1940). 

(Favourable water-supply) 


Date of sowing: 

Date of harvesting : 

Total transpiration (kgms) : 
Total dry-matter (gms): 
Water requirement on plant 


15-1-1938 

24-2-38 

8-9-38 

13-4-1938 

6-5-38 

28-10-38 

18.9 

16.2 

22.7 

83.1 

67.3 

86.9 

227 

210 

267 


The results are in general agreement 
with those of the present studies, in that 
the growth, transpiration, and water 
requirement are influenced by the time of 
sowing, or rather by the weather condi¬ 
tions. As, apparently, Martin was not 
concerned with this aspect in his studies, 
he did not indicate the normal time of 
sowing sunflower in his locality, nor even 
explained the weather during the experi¬ 
ments. 

As the importance of early varieties 
and early maturing crops to the local 
conditions has already been pointed out 
in the present series of investigations, 
detailed studies with different sowing 


dates, both for the kharif and the rabi 
crops (particularly the latter), would have 
criven valuable information. Unfortun¬ 
ately, they could not be carried out due 
to lack of time and facilities. 

Conclusions. 

Late-sowing ofbajra A. 1 a 1 tto type, 
compared to normal sowing, resulted in a 
lowering of the total dry matter as also 
the yield of grain. The total transpir¬ 
ation was also lower but the water re¬ 
quirement on plant-basis was significantly 
greater for the late-sown plants. 

The importance of investigations on 
time of sowing in dry-farming areas lias 
been discussed. 


PART IX. 


Influence of size of pots (amount of soil) on Transpiration and Water 

Requirements of Bajra, Juar and Wheat. 

Introduction. 


In pot culture studies, it has been shown 
that the size of the pot, or rather the 
amount of soil in the pot, influences with¬ 
in limits, the growth of plants. Tali pots 
are preferred for growing deep-rooted 
plants like cotton, while comparatively 
shallow pots are found satisfactory for 
cereals, as the latter possess fibrous root- 
systems. American workers used very 
large containers with more than lOOkgms. 
of soil, while workers elsewhere were con¬ 
tent with 50 kgms. of soil. 


Leather (1010. 1011), and K'esselbaeh 
(1916) found that the pot-size influenced 
the water requirements of plants. In order 
to investigate the effect of pot-size on 

transpiration and water requirements of 

the different crop plants under study, the 

present investigations were undertaken 

during the kharif of 1037, and the rabi of 

19 >6-37 and of 1937-38 ; 

No. TX. 1. 


TABLE 

Experimental details. 


Details. 


Kharif 

1937. 


Rabi 

1936 -37. 1937 -38 


Crops: 


Soil-moisture : 

Lot-size and amount of soil 


Sowing date : 


Bajra A 1/3. Wheat 8 A 

Wheat 8A. and 

Juar S. 21. Wheat 0 1) 

Optimum (13 L ) from sowing to harvest. 

i. 12"xl2" (23 kgms) 

ii. 12"xl8" (35 kgms) 

12-7- 37 4-11-36 3-11-37. 


Plants per pot and replications: -One plant per pot; 4 replications 


Results 

Kharif 1937 : Bajra A. 1 ; ’> and Juar S. 21 
(Statmcnl No. IX. A. Fig. \ 0 . IX. 1.) 

11 eathu : Weekly evaporation from the 
Piche’s evaporimete.- indicates that the 
weather was mild almost throughout the 
season, the values tor evaporation flin t in 
ting between f o cc. and 80 cc. per week 


except in the 5th and the 6th week after 
sowing (10 > cc. and 108 cc. respectively), 
and again in tlie 14th week (maturity 
stage), when it was 110 cc. 

Rah of transpiration : The size of the 
pot did not result m any alteration in the 
general course of transpiration by either 
bajra A. i 3 or Juar S. 21. Till the 6th 
week after sowing, in the ease of bajra, 
and the 7th week after sowing, for juar 



S. 21, rate of transpiration by plants in 
12"X12" pots was slightly higher than by 
plants in the bigger pots, 12"X18". Later 
on, the relationship was reversed both for 


bajra and juar. The difference in trans¬ 
piration due to the size of the pots was 
more marked for juar than for bajra as 
indicated by the following figures. 


TABLE No. IX. 2. 

Effeet ot the size of the pot on weekly transpiration by Bajra A. 1/3 and Juar S. 21. 

(Mean per pot in gms.) 



Transpiration in gms. 
during week after 
sowing: 


Bajra A. 13. 


Juar S. 21. 


Pot-size. 

12x1 2 n 12"xl8" 


Pot-size. 
12"xl2" 12x18" 


6th week: 
10th week : 


gms. 

3043 

2050 


gms 

2738 

2157 


gms. 

2943 

2193 


gms 

1823 

2830 



Total transpiration'. Both bajra and 
juar in the bigger pots transpired altoge¬ 
ther more water than those in the smaller 
pots, the increase amounting to 12% for 

the two crops. The difference was small 

compared to the additional amount of soil 


(about 50 V 0 ) available to plants growing in 
the bigger pots. 

Dry matter formation : The results are 
summarised as percentages of the values 

for the bigger pots on those of the smaller 
pots: 


TABLE No. IX. 3. 

Dry matter formed in Bajra A. 1/3 and Juar S. 21. 

(/o on the smaller ‘pots’) 


Crop. 

• 


Dry . weight of 


Grain-yield. 

Leaves. 

Shoot. 

Plant-. 

Bajra A. 1/3. 

% 

96 " 

O'' 

/o 

106 

0/ 

/O 

105 

. 0 / ;• * •. 

/O 

4 

104 

Juar S. 21 

88 

• 108 ' 

112 

116 ‘ 


The differences due to the size of the 
pots were small, less than 6% for bajra. 
and 16% for juar. Apparently juar was 
more benefited than bajra when grown in 
the bigger pots, except for the foliage. 

Water requirements : The differences in 


pot-size did not bring about any significant 
change in the water requirements of bajra 

or juar. The standard errors were rather 

high, jjarticidarly for water requirement on 

‘ leaves ’ and on grain; The results on 

shoot and on plant-basis are given below : 





TABLE No. IX. 4 

Water requirements of Bajra A. 1/3 and Juar 8. 21 

(Mean of 4 values) 



Water requirement on : 


Bajra A 
12" x 12" 


1/3. 

12" x 18". 


Shooe-basis : 
Plant-basis : 


Juar 8 21. 

12 " x 12 ' 12" x 18 


413+15 

362+20 


520+52 

410+50 


450 +17 
324+13 


462+14 

323+10 



3. he apparent differences due to the 
treatment are not statistically significant. 

R ibi 1936-37 and 1937-38 : 

Wheat: (Statement No. IX. B. Fig. No. 
I K. 2) w 

l eather • Til] about the 15th week after 
Sowing (almost till the end of the shootina 
stage), weather was fairly mild durin- the 

two seasons; the weekly evaporation va¬ 
ried from 26 cc. to 67 cc. during the first 

season and from 29cc. to 78ce. during the 
second. * 

The usual dry weather, occurring after 

iq+ ea ” n f sta 8®» commenced during rabi 
1. 36-37 from the 20th week after sowing 
when the plants were completing maturity/ 
the w eek i y evaporation rose to about 

ever it p ” nilg 1 ! e 6econd sea son, how- 
nlants w f nCed ,muh earlier when the 

werefiust'p + out 16 weeks old and thev 

ranged f n 7+ ! the WCekly c ™P°™tion 
ranged from 72ce. to 162ce. 

nlwl" f °f Inspiration: In 1936 37 

Dots* t° f W + at i 8 A ’ gl ‘° Wing in 12 " Xl 2" 

++ 1 o tran ? 1, « 1 l at “lower rate than in 

... «i» c„",v ,,. grs „ h 

| B ■*>«, <li. differ.no, .mounted 


to about 50%; plants in the 12"X.8’' oofs 
transpired more. 

JV® 87 - 38 - two type - of wheat, 8 A 
and 0 D, were studied. The results of the 

previous season were not entirely confirm¬ 
ed. Rate of transpiration by the two 

types of wheat, growing in I2"X18" pots 

was slightly lower than in 12"Xi2 pots 
till the plants were about 14 weeks old. 
Later on, plants in the bigger pots trans- 

K. wx, , f- h %I' i8l,err “' * h “ * l “»« 

in U,e b w/ g e/ e ‘mi 

ran spired altogether more water” though 

the percentage increase over the smaller 

pots amounted to only about 7-, in the 

x?„r on: ,l,e i— 


i 936-37 


t. 


Wheat 8 A 
Wheat 9 D 


5 8 + 


' 937-38. 

7 i 

0 

fi y 

u o 


Dry-m alter formation: Plants in the 
agger pots showed better growth than 

being more marked iJThe 'fi*t 

than in the second : season 



TABLE No. IX. 5. 

Dry-matter formed and yield of grain by Wheat. 
(Percentage increase for 12"xl8 pots over 12"xl2" pots). 


Observation. 


1936—37. 1937—38. 

Wheat 8 A. 8 A. 9 D. 


o' 

/O 

59 

46 

41 

37 


Of 

/O 


- 3 
8 
8 

13 


* 


O' 

■ /o 

3 

16 

13 

27 


Dry-weight of: 

Leaves. 

Shoot. 

Plant. 

Yield of grain. 

* indicates decrease. 

During 1936-37, total leaf-dry-weight 
for the plants in 12"X18" pots was greater 
than in the smaller pots, the increase 
being 59%; yield of grain was only 37% 
more. In 19'°*7-38, there was practically 
no increase in the dry-weight of leaves for 


the bigger pots; the yield of grain was 
greater by ls% for wheat 8 A and 27% for 
9 D in the bigger pots. 

Water requirements : The difference in 
size of the pots did not alter the water 
requirements of wheat 8 A or 9 D in either 4 
season. The results are : 


TABLE No. IX. 6. 


Water requirements of Wheat. 


(Mean of 4 values). 



W. R. on 


1936—37. 
Wheat 8 A. 
Pot size: 


1937—38. 

Wheat 8 A. W heat 9 D 
Pot size: 



Small. 

Big. 

Small. 

Big. 

Small. 

Big. 

Grain. 

1261 

1514 

1482 

1499 

1404 

1285 


S. E.+ 31 

116 

48 

46 

32 

30 

Plant, 

460 

521 

546 

541 

564 

530 


S. E.+ 9 

20 

21 

13 

21 

19 



The apparent differences in water re¬ 
quirements due to the pot-sizo are not 

statistically significant except for wheat 

9 D in 1937-38 for the values on grain- 
basis. 

Discuesion. 

Increase in growth and maturity of 
plants, within limits, with increase in the 
amount of soil has not been questioned 


by any of the workers. However, the 
lesults" of the present experiment indicate 
that the increase in growth due to more 
soil is influenced by the weather conditions, 
an observation not pointed out by other 

workers. 

With regard 1o the influence of the 
amount of soil on the water requirements 
of croi's, it has generally been agreed tlmt 
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the water requirement is lowered with 
increase in the soil, but the present studies 
do not confirm this conclusion. So, it is 
necessary to examine critically the results 
of the previous workers. 

Leather (1910, 1911) concluded that, 
with or without fertilizers, the transpir¬ 
ation ratio was lowered with the bigger 
jar. He studied wheat and maize in 
9"X12" (15 kgms. of soil), 9"X16" (21 or 
22 kgms.), and 9"X22" (29 - 31 kgms.) 


pots in different years. Three levels of 
water-supply were maintained in most of 
the experiments. A single pot was kept, 
for each treatment. The results were 
highly variable. The conclusion is ques¬ 
tionable, as it is based on a comparison 
of the values of the small jars of 1908-09 
with the big jars of 1909-10. 

Kiesselbach’s results (1916) are re¬ 
produced below : 


TABLE No. IX. 7. 

Water requirement of corn. (Kiesselbach, 1916). 


W. R. of 


Corn. 


Amount of soil in lbs. per container. 


32. 

85. 

150. 

239. 

583. 

956. 

411 

362 

341 

277 

290 

240 


The values,no doubt, got neatly arranged 
in a descending order with increase in 
the amount of soil. But the standard 
errors are not given. Unless they are 
uniformly below 5°,, the differences bet¬ 
ween the soil-range of 32 lbs. to 150 lbs. 
cannot be statistically significant. It is 
difficult to explain how the still higher 
amounts of soil (above 150 lbs.) could 
bring about a lowering of the water requi¬ 
rement. Kiesselbach points out that, as 
manuring lowers the water requirement, 
in a similar way the water requirement is 
lowered with increase in the available soil, 
because the plant gets more nutrients 
from the larger mass of soil than from the 
smaller. The manurial experiments of the 
present series do not indicate either a 
consistent or a considerable lowering of 
the water requirement. Increase in the 
amount of soil, in the present experiment, 
has not resulted in a significant lowering 
of the water requirement. 

It is needless, nowq to examine the 
remarks of Maximov (B ! 29), who has not 
conducted experiments in this connection, 
but has pointed out in a general way : 
“ The size of the pots is of particular im¬ 
portance in determination of the ‘efficiency 


of transpiration ’ *’ (p. 116). But he sug¬ 
gests caution against the use of very large 
containers, as accuracy in weighing is 
relatively reduced. 

Finally, the results of the present series 
once again point out that climate is more 
powerful in influencing the water require¬ 
ment than any of the edaphic factors. 

Conclusions 

Plants of the different crops, bajra, 
juar, and wheat, raised in the bigger pots 
(12"X18", with 85 kgms. of soil), grew 
better; transpired at a higher rate, parti¬ 
cularly during the earing and maturity 
stages; formed relatively more dry matter 
and yielded more grain than those in 
12"x 12" pots (each with 23 kgms. of soil); 
but the water repuirements of these 
plants remained practically the same for 
the two sizes of the pots. 

The increase in total growth, transpira¬ 
tion or yield of grain for the bigger pots 
w r as not related to the amount of extra 

soil in the bigger pots and was often 
small. 

The influence due to the pot-size varied 
slightly with the crop or its types but 
more with weather conditions. 
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PART X. 

(Correlation hcUrcen Transpiration and Weather elements , 

Introduction. 


Transpiration is controlled both by the 
plant itself as also by the environment. 
A good deal of work has been done to find 
out the influence of the different plant- 
characters on transpiration in order to 
understand drought resistance of plants. 
Data have also accumulated to show that, 
generally transpiration is closely correla¬ 
ted to weather conditions. 

It was felt that the results obtained on 
weekly transpiration could be utilised to 
find out (a) whether transpiration by the 
different crops and their types responded 
differently to the weather conditions, and 
(b) the extent of correlation between 
transpiration and the different weather 
elements. 

Methods 

The data available on transpiration 
from the present series of studies related 
to weekly transpiration by usually two 
plants in a pot from the seedling stage to 
maturity. Meteorological data for the 
different weather elements during this 
period were gathered from the records of 
the Research Station, and totals or avera¬ 
ges, depending upon the weather element, 
were calculated for the weeks for which 
transpiration data were available. 

A comparison of the weekly march of 
transpiration with any of the weather 
elements did not reveal a consistent rela¬ 
tionship between the two. chiefly due to 
the disturbing factor of growth of the 
plant, resulting in changes in the total 
leaf-area. Attempts were made to elimi¬ 
nate the growth factor as for as possible, 
by calculating progressive rate of increase 
in weekly transpiration, but the total 
number of observations was too small to 
give significant correlation coefficients. 


The disturbing growth factor was avoi¬ 
ded by other workers by either of the two 
following methods: 

1. By estimating the intensity of 
transpiration, ie., transpiration 
per unit leaf-surface in unit time. 
It involves an estimation of the 
total leaf-area every week or 
even daily, which is quite labo¬ 
rious and becomes highly errone¬ 
ous when the leaf-area of intact- 

leaves is to be measured. 

0 

2. Estimating transpiration per pot 
at very short intervals, ie., every 
half-hour or even less ; it requires 
a sensitive balance and the accu¬ 
racy of the data is necessarily 
limited by the size of the pot. 

The first method could not be followed 
in the present studies for reasons already 
stated under the same. The second was 
not feasible as the over-all weight of the 
pot was about 40 kgms. and the Steelyard 
used for weighing the pots was sensitive 
to about 50 gms. with the load. 

However, visual observations on growth 
of plants in the pots indicated that there 
was little change in the total leaf-surface 
during a certain period of the life-history 
of the plants. Tn the case of kharif crops, 
it extended for about five weeks beginning 
from the middle of August, ie., from the 
7th week to the 12th week after sowing. 
A similar constant-leaf-area period was 
noted for the rabi crop, wheat, from the 
14th week to the 20th week after sowing. 
Therefore, the following correlation coeffi¬ 
cients were calculated for these periods 
for the kharif and the rabi crops; 


(1) Kharif crops:—TJic correlation 
coefficients relate to the weekly 
transpiration by the kharif crops 
during 1941 and the weather 
elements. 

i. Correlation between weekly tran¬ 
spiration by different types of 
bajra and of juar, and weekly 
losses from white and black 
atmometers. 

ii. Correlation between weekly tran¬ 
spiration by the different kharif 
crops and weekly totals or avera¬ 
ges of different meteorological 
elements. 

iii. The influence of water-supply 
and manuring was studied on the 
correlation coefficients between 
transpiration by bajra Local and 
juar S. 21, and evaporation from 
white atmometer. 

Only five pairs of values were a vailable 
or each set. 

(2) Rabi crop; In order to obtain 
the relationship between transpi¬ 
ration and evaporation at differ¬ 
ent times of the day, one pot 
each of wheat 8 A and of wheat 
9 D were weighed at • 5-hour 
intervals from 6 a.in. to 0 p.m.. 
constant-leaf-area period. The 
following correlation coefficients 
were calculated: 

Between transpiration by wheat 8 A 

and 9 I), and evaporation from 
white atmometer : 

i. During 3-hour periods from G 
a.m-, to 0 p.m. 

ii. During daytime (0 a.m., to G 

p.m.) and night (G p.m. and 
0 a.m.) 


Ten pairs of values were available for 
each of the above calculations. 

(3) ‘ Correlation between losses from 
Riches evaporimeter and atmo¬ 
meters : In addition to the above 
correlation coefficients between 
transpiration and evaporation, 
r-values were calculated to bring 
out the relationship between 
daily loss from Piche’s evapori¬ 
meter and losses from white and 
black (Livingstone’s spherical 
type) atmometers (luring four 
representative months of the 
year, 1938-39: August ’38, Octo¬ 
ber’38, January’39 and May ’39. 
The atmometers were kept in the 
open near the pot-cultures while 
the Piche’s evaporimeter remain¬ 
ed in the Stavenson’s screen. The 
results would show weather the 
readings of Piche’s evaporimeter 
kept in the screen, would give as 
true a picture of the evaporating 
power of air as given by the at¬ 
mometers, kept near the transpir¬ 
ing plants : the results should in¬ 
dicate whether the former data 
could be utilised in transpiration 
studies, as has been done in the 
present series of investigations. 

RESULTS 

(1) Kharif crops 

i. Correlation coefficients between 
weekly transpiration (per pot with two 
plants) by different types of bajra and of 
juar, and weekly evaporation from white 
and black atmometers are tabulated bclov 
for the five-week period, beginning from 
the 8th of August. Moisture-content oJ 
the soil in the pots was maintained at a 
low level (8 o ie., 4'V> above the wilting co¬ 
efficient of the soil). The soil was not 
manured. 


TABLE No. X. 1 . 

Correlation coefficients (r) between weekly transpiration, and weekly 

evaporation from white and black atmometers. 


Crops and types. 

XJ. u xxx \ 

White. 

-J in U X O. 

Black. 

Bajra : Local. 

+ 

1 

0.9372 

0.9335 

A. 1/3. 

0.9314 

0.9209 

Leiah. 

0.8965 

0.8922 

B. S. 

0.9558 

0.9455 

Juar : S. 21 . 

0.9571 

0.9488 

S. 20. 

0.9601 

0.9552 

S. 100 . 

0.9599 

0.9496 


(n'-2) = 3; r for p = 0.05:0.8783 ; for p = 0.01:0.9587. 


All the r values are significant at o% 
level. Two varieties of juar, S. 20 and S. 
100 , gave r values significant at 1% level, 
with the white atmometer. 

Although the number of observations 
was small (five pairs), the results clearly 
show: 

1. Transpiration by bajra and juar 
and their types during the five- 
week period (maximum and con¬ 
stant-leaf-area period), was lar¬ 
gely controlled by the evapora¬ 
ting power of the air, as indicat¬ 
ed by losses from the white or 
the black atmometer. The 
correlation was positive. 

2. The differences were small bet¬ 
ween the types of each crop 
(bajra and juar), regarding their 
response to the evaporating 


power of air. However, Leiah 
gave the lowest r value among 
the four types of bajra ; r values j 
for juar S. 100 and S. 20 (with 
white atmometer) are significant 
at \% level while r for S. 21 is 
significant at 5% level. 

3. The values of r between transpi¬ 
ration and evaporation from 
black atmometer were slightly 
lower than those with white 
atmometer. 

ii. Correlation between transpiration 
by the different kharif crops (bajra, juar 
and guara) and the various weather 
elements : 

The plants were grown wi th the low 
water supply ( 8/0 soil moisture). The 
values of r for the five-week period are 
given below : 
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TABLE No. X. 2. 


Correlation between transpiration and weather elements. 


Weather elements. 

Bajra 

Local 

Juar 

S 21 

Uuara 

No. 2 


+ 

+ 

# 

+ 

Weekly loss from : 




White atmometer. 

0.9372* 

0.9571* 

0.9747 • ’ 

Black ,, 

0.9335- 

0.9488 ! 

0.96 >2 f ! 

Piche’s Evaporimeter 

0.9502* 

0.9645’ ' 

0.9511 * 

Tank (large] ,, 

0.9741 * * 

0.9764 

0.9282* 

Mean Maximum temperature 0.9668* 

0.9792* 

0.9758 * * 

„ Minimum ,, 

Mean R.H.D. at: 

0.3214 

——— 

-■ - 

8-40 hours. 

— 0.8163 

— 

— 

16-00 hours. 

—0.8325 

— 


Mean of the above two. 

—0.8397 

— 


(n'-2) = 3 ; r for p 

= 0. 0 5; 0.878 1; 

r for p = 0. 01: 

6.9587. 


r values between R. H. D. and transpi 
ration were calculated for bajra Local 
only; similarly for Mean Minimum tem¬ 
perature. 

There was apparently a greater cor 1 ela¬ 
tion between transpiration and loss from 
the Tank evaporimeter (r significant at 
1%) than generally between transpiration 
and the atmometers. 

Transpiration by the three crops 
showed : 

(a) a distinct positive correlation 


with the evaporating power of 
the air and with mean maximum 
temperature, 

(b) no correlation with mean mini¬ 
mum temperature, and 

(c) a negative correlation with rela¬ 
tive humidity (studied for bajra 
Local only), which, however was 
not significant even at 5“ 0 . 

iii. Effect of water supply and manur¬ 
ing on the correlation between transpira¬ 
tion and evaporation : 


r values 


TABLE No. X. 3. 

between transpiration, and evaporation from white atmometer. 





Treatment 


Bajra Local. Juar S. 21. 


Unmanured: 

8% soil moisture. 
13/ 0 soil moisture. 
Manured : 



0.9372* 0.9571* 

0.5137 0.8902* 


8% soil moisture. 
13% soil moisture. 


0.9576* 0.9781** 

0.6410 _ 


n 


2 — 3;* and** and **: significant at 5% and 1% levels respectively, 


Transpiration by bajra Local was in¬ 
fluenced to a greater extent by the evapo¬ 
rating power of air when the plants were 
grown with the low water supply (r= 4-0. 
9372*) than when grown with optimum 
supply (r= +0.5137, not significant at 
even 10% level); juar S. 21, however, 
responded to the weather conditions, al¬ 
most equally with the low (8%) and the 
optimum (13%) water supply, the r values 
being +0.9571* and +0.8902* for 8% and 
13% soil moistures respectively. 

The above results apparently indicate 
that, with optimum water supply, bajra 
controls its transpiration during the 
maximum foliage period ; with low water 
supply, it is unable to check the transpi¬ 
ration ; perhaps the stomatal control is less 
efficient with low water supply. A similar 


tendency is observed for juar too, as the r 
value,+ 0.8102, with the optimum water 
supply is lower than the r value, +0.9571, 
with the low water supply. 

Manuring resulted in an apparent in¬ 
crease in the r values over the respective 
unmanured sets, which would mean that 
the weather influences transpiration by 
bajra and juar to a greater extent when 
the plants are manured than when unma¬ 
nured. 

Rabi crop. Wheat. (1941-42). 

Results relating to the relationship 
between transpiration (per pot with 2 
plants) by two types of wheat, 8 A and 9 
-D, and evaporation from white atmoinc- 
ter, at different periods of tlie day are 
tabulated. The plants were grown in 
unmanured soil with 8% soil moisture. 


TABLE No. X. 4. 


Relationship between transpiration by wheat 8 A and 9 D, and 

evaporation from white atmometer. 

(During different periods of the day; from 10-3-1942 to 19-3-42, ie., 

10 days during the constant leaf-area period). 


During. 


Mean transpn 
by Wheat : 


Evapn. 
from 
white— 


Ratio 

T/E. 


r between evapn. 
and transpn. by 



8 A. 

9 D. 

atmo. 

8A. 

9D 

Wheat 8A. 

Wheat 9 


gms. 

gms. 

cc. 



r 

r 

6a. m-9 a.m. 

51.5 

31.2 

8.1 

6.4 

3.9 

— 0.1234 

— 0.0956 

9 „ -12 N. 

82.0 

75.5 

21.7 

3.8 

3.5 

+ 0.0446 

+ 0.3229 

12 N -3 p.m. 

99.0 

91.0 

36.1 

2.8 

2.5 

+ 0.6626 

+ 0.8461 

3 p.m-6 p.m. 

93.5 

84.5 

28.0 

3.3 

3.0 

+ 0.1488 

+ 0.2264 


Notes : 


1. Mean transpn.: Transpiration per pot with two plants: mean for the 
3-hour interval for the 10 days (mean of 10 values). 

2. Evaporation: Actual loss from the atmometer; mean for the 3-hour 
interval for the 10 days. 

3. T/E: Ratio between the actual values obtained for transpiration and 
evaporation, and not on unit-area basis. 

1'. rvalues: n’—2 = 8; r for p = 0. 05 :0.6319; r for fp = 0. 01:0.7616- 
and * *: significant at 5°„ and 1% respectively. 


Transpiration (per pot with two plants) 
followed the changes in evaporation b} r 
continuously increasing from 6 a. m., to 3 
p. m., and then going down slightly bet¬ 
ween 3 p. m., and 6 p. m. But the ratio 
T/E indicates that the transpiring power 
ol the leaves of both wheat 8 A and 9 D 
gradually decresed from 9 a. m. till 3 p.m., 
when it again showed a small increase. It 


should be interesting to compare the 
above results with the observations made 
by the author (unpublished data) during 
a drought period on stomatal openino- 0 f 
wheat 8 A and 9 D growing in the field. 
The lesults of the stomatal opening, ex- 
pressed in terms of the Index figures 
(Maximov, V. 36) are given below aloim 
with the leaf water-content.: 


TABLE No. X. 5. 

Stomatal opening (Index figure) and leaf-water.content of wheat 8 A and 9 D 

during a drought period, (under field conditions). 



Stomatal 

Amount of 


Time of 
Observation. 

opening 
(Index Figs.) 

Wheat 

8 A. 9 D. 

water in 

100 leaf- 

-punches 

8 A. 9D. 

Loss from white 
atmometer during 

the interval. 




gms. 

gms. 

cc. 

6 a.m. 

• 

72 

81 

2.29 

2.00 

— 

9 a.m. 

152 

147 

1.98 

1.81 

1.1 

12 noon. 

97 

76 

1.88 

1.73 

8.4 

3 p.m. 

80 

60 

1.92 

1.87 

15.5 

6 p.m. 

82 

64 

2.18 

2.06 

13.1 


Notes: 1. Stomatal opening: The value for the index figures are the means for < 

the lower and the upper surface of the leaf (20 observations for each 
surface) ; they are calculated according to Maximov's method (Maximov, 
1936) ; the index figures become 1000 when all the stomata of both the 
leaf-surfaces are fully open. 


2. Leaf-water-content : Mean of 5values (two .punches from each of 10 
leaves ; 20 punches for each value ; leaf -punch of 1 cm. diameter.) 

3. Average moisture-content of the soil (in the field with the wheat crop,) 
in the l’-3’ depth was 8.7%; wilting coefficient of the soil: about 4%. 

4. Weather : Bright, warm, dry ; sunrise at about 6 a.m. and sunset at 
about 4-15 p.m. 

5. The white atmometer was kept in the field among the plants at a height 
of 2 feet. 


It is not intended to discuss in detail 
the above results. For the present studies 
it is sufficient to point out that there is a 
close agreement between transpiration by 
wheat plants grown in pots with low water 
supply, and the stomatal opening and the 
leaf-water-content of wheat plants in the 
field during a drought period. 

The correlation coefficients, given in the 
last two columns of the Table No. X. 4 , 
between transpiration and evaporation for 
each interval during the day time for the 
ten-day period, reveal : 


1 Only between 12 noon and 3 p.m., 
transpiration by wheat 8 A and 
9 D closely followed evaporation 
when the stomatal opening and 
the leaf-water-content were 
apparently at the minimum level: 
their value between transpira¬ 
tion and evaporation is signifi¬ 
cant at 5% for wheat 8 A and at 
1% for wheat 9 D. 

2. At other times of the day, trans¬ 
piration was not controlled by 
evaporation : the r values are not- 


216 


statistically significant; either 
the stomatal opening or the leaf- 
water-content influenced the 
transpiration. 

There was no correlation between trans¬ 
piration and evaporation from the white 
atmometer during tlie day (6 a.m , to 6 
p.m.) or during the night (6 p.m. to 6 a.m.); 
the r values are : 

Wheat 8 A. Wheat 9D. 

During day 

(6 a.m. to 6 p.m.) : 0.5825 ■+ 0.3800 

During night 

(6 p.m. to 6 a m.): -0.0533 -0.0593 

The r values for the daytime were not 
significant even at 5% level. 


(3) Correlation between evaporation from 
atmometers, white and black, and front 
Piche’s evaporimeter : 

The values for daily evaporation from 
the atmometers and the evaporimeter 
during the four months. August (mid- 
kharif. monsoon period), October (end of 
kharif and beginning ofrabi, - end of 
monsoon), January, (mid-rabi, coldest 
month of the year in the locality), and 
May (hottest month, when there is no 
crop in the fields) of one year (1938-39) 
were utilised for calculating the correla¬ 
tion coefficients. Data for the first 30 days 
in each month were used in the 
calculations. 


TABLE No. X. 6. 


Correlation coefficients between daily evaporation from Piche’s evaporimeter, 
kept in the Stevenson’s Screen, and from white and black atmometers 

(Livingstons, spherical type), kept in the open. 

(30 pairs of values). 



During: 


White atmometer. Black atmometer. 


August 1938. 
October ,, 


r 

+ 0.9424 
+ 0.9161 


r 

+ 0.9385 
+ 0.9197 


January 1939. 
May 1939. 


+ 0.7610 
+ 0.8699 


+ 0.9090 

+ 0.8294 



n=28 ; r for p = 0. 01 (when n = 25): 0.4869. 


Evaporation from the Piche’s evapori¬ 
meter was highly correlated (positive) with 
evaporation from the atmometers; the 
correlation coefficients were slightly lower' 
for the black atmometer than for the 
white one except in the month of January 
which is relatively much colder than the 


other three months; during this month 
the r value for the black atmometer 
(+0.9090) was higher than for the white 

atmometer (+0.7610), but the difference 

between the two was not significant as 
shown below; 


28 
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White atmometer. 
Black 


r. z. 

+ 0.7610 0.9990 

+ 0.9090 1.5218 


n’-3. 

Reciprocal. 

27 

0.037 

27 

0.037 


Difference 

Difference 

As the difference in the z values (0.5228) 
is less than twice its standard error 
(0.2720), the difference between the two 
correlation coefficients is not significant. 
(Fisher, 1944 p. 198) 

Discussion (Part X). 

Both in the laboratory studies and in 
pot-culture experiments, as also under 
field conditions, several workers investi 
gated the relationship between transpira¬ 
tion and the meteorological factors. It is 
intended to discuss the results of the pre¬ 
sent study in its relation to the more im¬ 
portant and relevant data obtained by 
others from similar studies. 

At the outset, it should be remembered 
that, in the present study, it was not possi¬ 
ble to obtain transpiration per unit leaf- 
area for really valid reasons pointed out 
elsewhere. Moreover, the data of all the 
seven years have not been fully utilised in 
the present study for lack of time. A few 
typical cases have been worked out, to see 
to what extent the results support the 
conclusions of other workers. Another 
object in view, while selecting the data of 
kharif 1941, when varieties of different 
crops were grown with low water suppty, 
was to find out the varietal or crop 
differences, if any, in their response to the 
various meteorological elements. Ti,e latter 
object was not realised, as the differences 
were negligible which might be due to the 
smaller number of observations available 
for the calculations. 


0*5228 Sum 0.074 

= 0 5228 +V0.074 

= 0.5228 +0.2720 

ther elements. They adopted elaborate 
and apparently complicated methods in 
examining their results (1917a), to obtain 
even the faintest clue regarding drought 
resistanceof the different crop plants. 

From their results on transpiration in 
relation to evaporation, Briggs and Shantz 
(or perhaps, chiefly the senior author, a 
soil scientist) were forced to conclude 
(1917): 

“Since the hourly evaporation graphs 
of the various evaporation systems emplo¬ 
yed differ widely in form, it does not seem 
justifiable to attribute the discrepancy 
between the observed hourly transpiration 
and that calculated from the evaporation 
rate from any particular system to a 
change in the transpiration coefficient 
(‘ relative transpiration ’ of Livingston) of 
the plant during the day, unless it can be 
shown that under less extreme conditions 
the transpiration rate is in accord with 
the evaporation rate. The plant may not 
be responding freely to its environment , but 
a departure in its relation to transpiration 
rate from the evaporation rate of an arbit¬ 
rarily chosen physical system does not 
necessarily establish this fact 

. And this, at a time when Livingston and 
his school of workers were trying to esta¬ 
blish the importance of relative transpi¬ 
ration with the help of white and black 
spherical atmometers. 


It is necessary, in this connection, to 
refer to the pioneer work of Briggs and 
Shantz ^1915, 1916, 1917). For the first 
time, they calculated the correlation co¬ 
efficients between transpiration and wea- 


Below are tabulated some correlation 
coefficients between transpiration and 
weather elements, obtained by Briggs and 
Shantz (1916) along with those of the pre¬ 
sent studies for similar crops: 
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TABLE No. X. 7. 

Mean correlation coefficients between transpiration and weather elements 



Weather element. 


Briggs and Shantz. 


Present work. 


, \ 


\ 


Temperature. 

Deep tank evaporimeter 


Millets. 

r 

-+0.64 
+ 0.60 


Legumes. 

Millets. 

Legumes. 

© 

r 

r 

r 

+ 0.57 

+ 0.97 

+ 0.93 

+ 0.59 

+ 0.98 

+ 0.98 


Experiment of Briggs and Shantz (1916) : Daily transpiration during a 10-day 
period ; mean integrated temperature. 

Present experiment: Weekly transpiration during the ‘constant-leaf-area’ 
period (5 weeks); Temperature • Mean maximum. 

correlation (r=+0.9) between transpira; 
tion by cotton plant and evaporation, 


The comparatively high correlations ob¬ 
tained in the present study can be due to: 


i. Weekly transpiration as the basis 
in the present study compared to 
daily transpiration in their stu¬ 
dies ; smaller discrepancies are 
masked in the former. 

ii. Crops in the present experiment 
received low water-supply, com¬ 
pared to optimum supply in 
theirs. Actually in the present 
studies, lower values for r were 
obtained both for bajra and 
juar when the water supply was 
optimum than when low. (Table 
No. X. 3.) 

According to Briggs and Shantz, tran- 
piration is largely influenced by solar 
radiation and evaporating power of the 
air. The present work indicated that 
under local conditions, both the maximum 
temparature and the evaporating power 
of the air (as measured by any type of 
evaporimeter) are highly correlated with 
transpiration by the kharif crop plants. 
Xutman (1941) observed that hourly 
transpiration by coffee plants is deter¬ 
mined by radiation, especially when this is 
moderate or low ; daily transpiration was 
coni l olled bv radiation anc saturation 
deficit and was independent of tempera¬ 
ture. Srinivasan (19 19) notes a high 


Montgomery and Kiesselbaeh (1912), 
and Kiesselbaeh (1916), Darwin (1914), 
and Briggs and Shantz (1916) observed a 
close relationship between transpiration 
and relative humidity or saturation deficit; 
the present data do not show a significant 
correlation between transpiration and 

R.H.D. 

The results obtained on the daily march 
of transpiration by wheat agree well with 
those of Briggs and Shantz (1916) and of 
Maximov (1929. p. 153). Transpiration 
increases rapidly, reaches a maximum at 
about 2 p m., and goes down slowly. The 
ratio between transpiration and evapora¬ 
tion, T E (Calculated on actual values and 
not on unit-area Basis) indicates a mini¬ 
mum value at about 2 p.m„and maximum 
in the morning. The slight increase in 
the value between 3 p.m. and 6 p.m. can 
be attributed to the increase in the leaf- 
water-content because the stomatal open¬ 
ing has not increased much at this time. 
These results support the findings of 
Livingston and Brown (1912) and of 
Knight (1922) regarding the influence 
of leaf-water-content on transpiration. 
It should also be noted that the stomatal 
opening of wheat plants in the field, dur¬ 
ing a drought period, was less than 10% 
of the full opening, almost throughout the 
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day except for a short w hile in the morn¬ 
ing when it might reach up to 15%. 

[n view of the meagre data available in 
the present studies, it is not intended to 
discuss in detail the various theories re¬ 
garding stomatal and non-stomatal 
regulation of transpiration. The present 
results show that under the conditions of 
study, transpiration is highly correlated 
to the evaporating power of the air ; that 
it is also regulated by stomata and leaf- 
w r ater-content is indicated by the few 
observations. Mention may be made in 
this connection to a recent attempt by 
Penman (1948) to evolve a simple mathe¬ 
matical formula connecting the meteoro¬ 
logical elements and evaporation from a 
freewater surface, or a w r et soil or trans- 
piration from turf. It is concluded that the 
evaporating power of the air and the energy 
balance at the evajjorating surface con¬ 
trol the transpiration. The calculated 
results agree well with observed results 
on evaporation but not on transpiration 
due to the difficulty in getting a correct 
estimate of the energy balance at the 
evaporating surface of the leaf. 

Finally, it may be noted that under 
local conditions, the values obtained from 
Piche’s evaporimeter, kept in the Steven¬ 
son’s screen, are as good an indicator 
of the evaporating powder of the air as 
when the latter is measured bv Livings¬ 
ton’s spherical white and black atmometers 

supplied by the Atmometer Apparatus Co., 

Baltimore, even w+en the latter are kept 

in the open. The r values between the 

Piche’s evaporimeter and the white or 

black atmometer showed no differences. 

However, the higher r value between 

the black atmometer and the Piche’s 

evaporimeter, ( + 0.9090), compared to 

the r of the white atmometer, +0.7610, 

during the winter month, January, 

indicates that the black atmometer 

may be more helpful than the white 

one in studies on transpiration in colder 

countries. It is not understood how the 

Piche’s evaporimeter, inside the screen, 

could react in the same wav as the atmo- 

• 

meters kept in the open. 


Summary and conclusions* 

1. Weekly transpiration per pot with 
tw o plants during the constant-leaf-area 
period (extending for about five w-eeks for 
the kharif crop plants) \ as compared with 
the corresponding w r eekly totals or aver¬ 
ages of different weather elements by 
calculating the correlation coefficients. 
The results relate to the data of kharif 
1941. 


2. Transpiration by wheat plants (rabi 
1941-42) w r as estimated for 8-hour periods 
during-day time (from 6 a.m. to 6 p,m.) 
continuously for ten days, during the 
maximum foliage period of the plants; 
loss from the white atmometer was also 
recorded. Correlation coefficients were 
calculated between transpiration and 
evaporation for each interval separately. 


8. Correlation co-efficients betAveen 
daily loss from Piche’s evaporimeter (kept 
in the Stevenson's screen) and losses from 
white and black atmometers (kept in the 
open) Avere calculated for four represen¬ 
tative months (August, October, January 
and May) of the year 1938-39. 

The results lead to the following con¬ 
clusions : 


1. (Kharif 1941): During the five- 
week period, i.e., 7th to 12th week 
after sowing, when the total leaf-area of 
each plant was almost constant: 


i. Transpiration by bajra, juar, and 
guara, grown in unmanured soil 
with 8% (low) soil moisture, was 
positively correlated w r ith the 
evaporating power of the air and 
also w r ith the mean maximum 
temperature. There was scarcely 
any difference in the behaviour 
of either the different types of 
each crop (bajra and juar). or 
even of the three crops. 

ii. When grown in unmanured soil 
and with optimum water supply 
(13% soil moisture), transpiration 
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by bajra was not influenced by 
the evaporating power of the air 
( not significant even at 10% 
level,; but juar gave a significant 
positive correlation between 
transpiration and the evapora¬ 
ting power of the air, whether 
the plants were grown with 8% 
or 13% soil moisture in unmanur¬ 
ed soil. 

iii. Manuring the soil with farmyard 
compost at 5 tons per acre seems 
to enhance the effect of the 
evaporating power of the air on 
transpiration by bajra. 


2. (Rabi 1941-42): Wheat: Trans¬ 
piration by wheat 8 A and 1) D (when the 
plants \vere about 13 weeks old), was 
influenced by the evaporating power of 
the air only between 12 noon and 3 p.m. 
Tn the remaining daytime there was no 
correlation between transpiration and 
evaporation : the former seems to be 
controlled by the stomata 1 opening or the 
leaf-water-content or both. 

3. Loss from Piche’s evaporimeter kept 
in the Stevenson’s screen, is as good an 
indicator of the evaporating power of the 
air as loss from a white or black atrno- 
meter, kept in the open. This conclusion 
seems to hold good for all months of the 
year under local conditions. 



PART XI 


Distribution of soil moisture in / jo! cultures with different methods of watering. 


Introduction 


Studies relating to the influence of 
water supply on transpiration, growth 
and maturity of plants give valuable in¬ 
formation regarding methods to be adop¬ 
ted for successful crop culture, both in 
dry-farming and in irrigated areas. The 
results may enable one to select crops and 
ibeir types suited to semi-arid and irriga¬ 
ted conditions respectively; they may 
also indicate the critical periods in the 
life-history of a crop when irrigation 
is necessary. For obtaining fundamental 
and relatively more accurate information 
on such topics, recourse has to be taken 
to the pot-culture technique 

Much attention has been paid in such 

studies to standardize the technique with 

respect to size and type of container, 

method of filling the container with soil, 

and mode of irrigation to maintain the 

soil moisture uniform at the required 

level. The methods varied with the 
workers. 


In the present investigation on trans¬ 
piration and w ater requirements of crops, 
it was found neeessary to grow the crop 
plants in pots with optimum and low 
levels of moisture supply. In order to 
obtain uniform distribution of the soil 
moisture at the desired level, various types 
of irrigation systems v^ere tried and the 
results are explained in the present section. 

Methods and material 

Galvanised iron pots (cylindrical in 
shape) of two sizes, 12" by 12" and 12" 
(diameter) by 18" (height\ were used with 
23 kgms. and 35 kgms. of soil respecti¬ 
vely, in the experiments on transpiration 
and water requirements. As the soil mois¬ 
ture had to be maintained at different 
levels (13% 10 or 8%\ various methods 
of irrigation were tried to obtain a fairly 
uniform distribution of the added water. 
The pots, used for transpiration studies, 
were utilised for direct determination of 
the soil moisture; as the soil in the pots 
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could not be disturbed when the plants 
were growing, soil samples were taken 
after the plants were harvested. The soil 
samples were taken with a i-inch tube- 
sampler in two layers, 0-5" and 5" -10" 
in the case of 12"x 12" pots, and 0-8" and 
8"-l6" for the 12’' X 18" pots. Usually, two 
bores were made in each pot, the bores 
being equidistant from the ‘irrigator' and 
the plant. Samples from the two bores 
were generally kept separate and their 
moisture-content was estimated after 
drying them in a hot-air oven at 
about 105 C. 

Method of Jilting the pot with soil: 
Water was added in small measured 

quantities to lightly pounded and sieved 
air-dry soil to raise the moisture-content 
of the soil to a level slightly higher than 
the desired level. The moist soil was 
then filled in the pot, small quantities at a 
time, and packed uniformly. The irriga¬ 
tion-system was also adjusted while 

filling the pot with the soil. 

Irrigation-systems : (Fig. XI. 1) Three 
different methods of irrigation were tried. 

I. A gravel-core was inserted in the 
soil vertically down on one side 
of the pot, and an earthenware 
irrigator rested on the core. One 

plant was grown on the other 
side of the pot. This system 

was tried during kharif 1936 

with 12"x 1 2" pots. 

II. A sand-core, without the irrigator 
on its top, was inserted in the 
soil vertically down in the centre 
of the pot. Two plants, one on 
either side of the core, were 
grown in each pot. This method 
was adopted during rabi 1936-37 
with both 12"x 12" and 12"xl8" 
pots. 

III. During the kharif and rabi of 
1937-'>8, each pot possessed two vertical 
oravel-cores (with the irrigators resting on 
them), one on either side, with one plant b 


in the centre. It was tried with pots of 
both the sizes. 

In all the later experiments, the bigger 
pots were used, each with two vertical 
gravel-cores along with the irrigators on 
their top, as in Method IIT. They were 
situated ori either side of the pot. Two 
plants were grown in each pot on the 
remaining two sides. 

In the methods I and II, the soil surface 
was coverd with a one-inch layer of gravel 
and the top of the pot was closed by a 
loose-fitting wooden cover with holes for 
the irrigator and the plant. In the third 
method, the soil surface -was covered with 
a one-inch layer of river-sand, thoroughly 
■washed, and then with tight-fitting celotex 
cover with holes for the irrigators and the 
plants. 

Where earthenware irrigators were used, 
the gravel-core, tw r o-inches in diameter, 
extended from 2 inches below the soil 
surface to 6 inches depth in 12"xl2" pots, 
and to 8 inches depth in the 12"xl8" pots. 
With the sand-core alone (2 inches in 
diameter), as in the method II. the core 
started from the soil surface and extended 
to the depths mentioned above. The 
gravel pieces were about 1 5th inch in 
diameter. The irrigator was jug-shaped 
with a long neck and had fine holes at the 
bottom as also on Ihe sides in the lower 

portion. 

Watering the pots consisted in adding 
to the irrigator the amount of water lost 
b}' transpiration. 

As already pointed out. soil samples 
from the pots were taken immediately 
after harvesting the plants. Simultaneous 
soil samples were also taken from uncrop- 
ped pots which were similar to the cropped 
pots in all other respects. It may be noted 
that the last watering to all the pots was 
done two days before the harvesting. 

The different irrigation-systems are 

shown in Fig XI. 1. The position of the 
irrigation-sty stem, the plant, and the soil- 
Oi’jj are seen in Figure No. XI. 2. 


Results. 

Method I. 

Kharif 1936: Pot size: J2"xL2"; soils: 
light loam and medium loam ; soil moisture 
‘maintained’: 13%, and 10% ; bores : two: 


depth of sampling: 0-5" and 5"-10"; 
samples of the two bores were mixed ; 
samples were taken from cropped and 

uncropped pots, two of each type, imme¬ 
diately after harvesting, ie., iwo days 
after the last watering. 


TABLE No. XI. 1. 


Distribution of soil moisture in the pots. 
(% on oven-dry basis : mean of duplicates). 


Treatment. 

Cropped 

Depths. 
0-5" 5"-10 

pots. 

Diffce. 

7 

Uncropped pots. 

Depths Diffce. 

0-5" 5"-10" 

13% Soil moisture : 

l ) 

o 

O ' 

o 

O 

o 

1 • 

i • 

o 


Light loam : 

8.04 

9.00 

+ 0.96 

9.38 

8.82 

—0.56 

Medium loam : 

7.76 

J 0.40 

+ 2.64 

8.21 

11.17 

+ 2.96 

10% Soil moisture : 







Light loam: 

3.69 

7.30 

+ 3 61 

4.80 

8.91 

+ 4.11 

Medium loam: 

4.06 

5.84 

+ 1.78 

4.4o 

7.45 

+ 3.02 


The distribution of soil miosture was 
fairly uniform with the light loam at, 13% 
soil moisture. In the other pots, tbe 
lower soil was more wet than the upper- 
layer. 

The irregular distribution and a much 
lower moisture-content than the desired 
levels are mainly due to evaporation of 
moisture from the soil surface, which was 
not properly checked by the gravel layer 
and by the wooden cover. Moreover, the 


single irrigator-system was situated on 
one side of the pot. 

Method II. 

A sand-core without the irrigator was 
situated in the centre of the pot with two 
plants, one on either side Two bores 
were taken from the remaining two sides. 

i. Rabi 1936-37 : Pot size : “12 X12": 
soil : medium and light loam : soil mois¬ 
ture‘maintained' : 13 % and 10%; depth 
of sampling: 0-5" and 5"-l0" ; cropped 
and uncropped pots. 
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TABLE No. XI. 2. 


Distribution of soil moisture in the pots. 

Method II. 


(Percentage on oven-dry basis). 


Treatment. 

Cropped pots. 

(Mean of 8 values) 
0-1" 5"-10" Diffce. 

Uncropped pots. 
(Mean of 4 values) 
0-5" 5"-10" Diffce. 

13% soil moisture : 

% 

% 

°/o 

% 

% % 

Light loam: 

12.39 

12 10 

—0.29 

9.97 

12 48 +2.51 


S. E+ 0J3 

0 42 


0.50 

0.63 

Medium loam : 

11.90 

11.26 

—0 64 

9.14 

11.50 +2 36 


+0.18 

0.31 


Oil 

0.33 

10% soil moisture : 




(Mean of duplicates) 

Light loam : 

8.66 

6.32 

—2 34 

5.59 

8 28 +2 69 


S. E+ 0 42 

0.25 




Medium loam: 

668 

5.44 

— 124 

4.84 

6.90 +2.06 


S. E± 0.47 

0.17 





S. E± : Standard error. 


As in the previous experiment, the 
lower soil was more wet in the uncropped 
pots. In the cropped pots, the distribu¬ 
tion of soil moisture was more uniform, 
particularly with the ‘13% soil moisture.’ 
There was even a tendency for the upper 
soil to be more wet than the lower. 


ii. Rabi 1936-37: Manurial experi- 
mest (Manured at 5 tons of farm¬ 
yard compost per acre): 12"xl8" 
pots ; soil moisture ‘ maintained’: 
13%; soil: light loam; other 
details are the same as in II. i. 
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TABLE No. XT. 3. 

Distribution of soil moisture in the pots (12"xl8"). 

^percentage on oven-dry basis). 



Treatment. 

Cropped 
(Mean of 8 
0-8" 8 "-6" 

Soil moisture 13%: — 

o/ o' 

JO JO 

Unmanured. 

11.80 9 95 

S. E.+ 0.57 0.48 

Manured. 

1 

11.98 8.91 

S. E.+ 0.46 0.67 

S. E.+ : Stan 


pots Uncropped pots, 

values) (Mean of 4 values). 


Diffce. 

0-8" 

816 " 

Diffce. 

~ s 

Of 

o' 


O/ 

< o 

/O 


/O 

— 1.85 

12.06 

12.35 

+ 0.29 


0.93 

0.58 


—3.07 

12.99 

13.75 

+ 0.76 


0.34 

0.28 



lard error. 


The distribution of the soil moisture in 
the uncropped pots was quite uniform In 
the cropped pots, the upper soil was more 
wet than the lower layer. 

Method III. 

# 

Two irrigator-systems were arranged in 
each pot, one on either side. Each system 
consisted of a vertical gravel-core with an 
irrigator on the top. One plant was 
grown in the centre of the pot. Light 
loam soil was used. 

Soil samples were taken simultaneously 
from cropped (after harvesting) and from 


uncropped pots. Samples from two bores, 
taken on the remaining two sides of the 
pot, were mixed for each layer. 

i. hhanf 1937: Light loam soil ; 
13,. and 10 V, soil moistures 
‘ maintained '; soil surface cover¬ 
ed with a one-inch layer of sand; 
a loose wooden cover on the top 
of the pot. 

The results on the soil-moisture-content 
ol the cropped and the uncropped pots, 
J2"xl2", and 12"x 18" (manurial experi¬ 
ment), are tabulated below. 
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TABLE No. XI. 4. 


Distribution of soil moisture in the pots, 
(Percentage on oven-dry basis). 


Treatment. 

Cropped pots. 

f A 

Unoropped pots. 
(Mean of duplicates) 


0-5" 5—10" Diffce. 

0-5" 5"-10" Diffce, 


Kharif 1937 : 


% 

0/ 

/o 

% 

% 

% 

O/ 

/O 

12” x 12" pots: 








13% soil moisture. 


8.52 3 

7.66’ 

—0.86 

12.02 

11.70 

—0.33 


S. E.+ 

0.71 

0.83 





10% soil mois. 


6.18 2 

6.48 s 

+0.35 

9.72 

10.69 

+0 97 


S. E.+ 

0.85 

1.01 





12"xl8" pots: 


Manurial experiment. 



• 



0-8" 

8-16" 

Diffce. 

0-8" 

8"-16" 

Diffce. 

13% soil moisture: 


% ■ 

o/ 

/O 

% 

Of 

/o 

O' 

/O 

% 

Unmanured: 


6.73 4 

7.95‘ 

+ 1.17 

10.23 

12.36 

+ 2.13 

• 

S. E.+ 

0.61 

0.65 





Manured. 


6.1D 

6.66 4 

+0.55 

1! .83 

13.65 

+ 1.82 


S. E.+ 

1.24 

0.68 






^Figures at the top corner indicate the number of replications. 

S. E.+ : Standard error. 


In both the cropped and the uncropped 
pots of the 12"xi2" size, the distribution 
of soil moisture was more uniform along 
the depth than in the previous experi- 


Ifl 


In the 12'xl:>" pots, however, the lower 
layer was more wet than the upper, for 
both the cropped and the uncropped pots; 
more so, in the unmanured than in the 
manured sets. But the maximum diffe¬ 
rence was about 2%. 


Rcibi 1937-38 : 12"xl2" pots; light loam 
soil; 13% and 10% soil moistures ‘main¬ 
tained ’; soil surface covered with a one- 
inch layer of sand and a tight-fitting 
celotex cover. 

Two bores were taken from each pot as 
before, but the soil sample from each bore 
was kept separate for each depth; alto¬ 
gether 12 pots were sampled for the crop¬ 
ped set and two for the uncropped set. 
The results of the cropped set are statisti¬ 
cally analysed, separately for 13% and 
10 /o soil moisture treatments* 



TABLE No. XI. 5. 

0 

Distribution of soil moisture in the cropped pots 12"xl2", with the 13% and 

the 10% soil moisture treatments. 

(a). Analysis of variance : 


13% soil moisture. 


10% soil moisture 


Due to 

D. F. 

M. S. S. 

M. S. S 

Pots 

11 

4.29** 

3.53* 

Depths 

1 

6.84** 

14.34** 

Bores 

1 

3.21* 

0.57 

Depths x Bores 

1 

20.06* A 

16.15** 

Error 

33 

1.06 

1.59 


and : significant at 5% and 1% levels, respectively. 

(b). Mean soil moisture for "bores x depths”: Depths: 0-5" & 5"-10". 

(Percentage on oven-dry basis) 

13% soil moisture. 10% soil moisture. 

0-5" 5"-J0" Mean 


Bore I. 

Bore 2. 
Mean. 


”/0 

ff n - /-v i/ r 

Mea n 


0-5" 5"-l0 


y 

o 


o/ 

/V 


O/ 

/O 


8.58 9.73 

9.06 10.27 
8.82 10.00 


9.16 

9 67 
9 41 


O/ 

/O 


Of 

/o 


7.80 8.40 


7.09 

7.45 


851 

8.45 


O 

/o 

8.10 

7.80 

7.95 


For both the desired levels of soil mois¬ 
ture, 13% and 10%, the results are signifi¬ 
cant for ‘ depths ’ and ‘ depths X bores ’, 
indicating irregular distribution both verti¬ 
cally and laterally in the soil. But the 
differences in the soil-moisture were small, 


the maximum difference being 1.69%, for 
the 13% soil moisture level, and 1.49% f or 
the 10% soil moisture treatment. 

The results of the uncropped set are 
given : 
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TABLE No. XI. 6. 


Distribution of soil moisture in the uncroppecl pots. 

(Percentage on oven-dry basis). 


I letails 

0- 

Bore 1. 

-5" Depth. 

Bore 2. Mean. 

Bore 

5*-10* 

1. Bore 

Depth. 

2. Mean 

13% soil moisture : 

i» 

A) 

4 

or 

Jo 

% 

% 

% 

O/ 

h 

Pot 1. 

8.22 

8.34 

8.28 

10.32 

9.73 

10 03 

Pot 2. 

7.13 

7.66 

7.39 

9.98 

10.08 

10.03 

Mea li 

7.68 

8.00 

7.83 

10.15 

9.90 

10.03 

10 o soil moisture : 



• 




Pot I. 

5.04 

5.67 

5.35 

8.43 

8.96 

8.70 

Pot 2. 

5.19 

5.51 

5.35 

9.17 

8.72 

8.95 

Mean 

5.12 

5.59 

5.35 

8.80 

8.84 

8.83 


The differences between the bores were 
much smaller than between the depths ; 
the latter amounted on*an average to 
2.20% lor the 13% soil moisture level, and 
3.48% for the 10% soil moisture. The 
lower soil was more moist than the upper 
in both the treatments, more so with the 

10% soil moisture level. 

/ 


Except in Method I, the bores were 
situated about half-way between the 
irrigator-system and the farthest point, 
and thus the results give a fair indication 
of the distribution of soil moisture. The 
moisture-content of the soil samples from 
the uncropped pots was generally lower, 
on an average, by about 2% from the 
desired level. It might be due to evapora¬ 
tion from the soil surface as the pots were 
not hermetically sealed and as the soil- 
samples were taken two days after water¬ 
ing ; or it might indicate a down gradient 
for the soil moisture from the boundary 
of the gravel-core to the farthest points. 
The soil moisture in the cropped pots was 
also lower by about 3% or even more from 
the desired level. It was mostly due to 

the removal of the soil water bv the roots 

% 


during the interval of two days between - 
the last watering and the soil-sampling. 


The results from the above studies 
indicate : 

(1) With a single irrigator-system, 
situated on one side of the pot (12"xl2"), 
the distribution of soil moisture was 
defective with the ‘10% soil moisture’ 
treatment. Moreover the plant was situa¬ 
ted on the side opposite to the irrigator- 
system. So the method was obviously 
defective. 

(2) With a sand-core in the centre of 
the pot (12"xl2"), as in Method II, the 
lower soil in the uncropped pots was more 
moist than the upper soil ; the cropped 
pots showed a better distribution of the 
soil-moisture, though the upper soil was 
relatively more wet, indicating that the 
roots were concentrated in the lower soil. 
The distribution of soil moisture in the 
bigger pots (uncropped) was better than 
in the smaller pots 

(3) With two irrigator-systems on 
opposite side3 of the pot and the plant in- 
between, as in Method TIT, the distribu¬ 
tion was apparently more uniform than 
with the previous methods; even with 
this method, the lower layer of the 
uncropped pot was slighly more wet than 
the upper layer. That the distribution 


was slightly irregular not only with depth 
but also laterally, was shown by the re¬ 
sults of the detailed experiment of rabi 

1937-38. However, this method of 
watering gave relatively better distribu¬ 
tion of moisture in the soil than the 
others; so, it was adopted in all the later 
pot culture experiments, with one modifi¬ 
cation i.e., instead of one plant in-between 
the two irrigator-systems, two plants were 
grown on the remaining two sides of the 
pot, the spots where bores were made in 
the previous experiments for soil-samp¬ 
ling. 

Discussion. 

Pot-culture technique lias been in 
vogue, since long, for physiological 
studies under controlled conditions. 
The techniques adopted lor investigating 
transpiration and water requirement va¬ 
ried with the different workers depending 
on the facilities available, object of study 
and the plants raised. Till some years 
back, the physiologists were content with 
small containers. J3ut the advent of the 
soil scientists into this field of study and 
the recent emphasis laid on growing plants 
to the ‘ field-size brought into use large 
containers (Briggs and Shantz, 1913, 
Montgomery and Kiesselbach, 1912, etcd # 

The method ot filling the container with 
soil and the system of watering have also 
been controversial topics. The use of 
pounded and sieved soil cannot be avoided 
as it is really difficult to use soil monoliths 
in pot culture work. The different 
methods adopted for filling the pots and 
watering the soil have been concisely re¬ 
viewed by Miller (1938, p. 490), and a few 
of them, along with the different methods 
adopted in 1 he present studies, are seen 
in Fig, XI. 1. 

Leather (1907) rightly pointed out that 
fine alluvial soil ol the Indo-gangetic area 
(same type of soil as used in the present 
studies) gave him trouble when it was 
filled in pols in air-dry condition and 
watered on the surface, as the wet soil 
contracted on drying. Hue 'to the same 


trouble experienced in the present studies, 
the soil was worked up to the desired level 
of moisture-content and was then uni¬ 
formly packed in the pots. 

Complete sealing of the soil surface in 
the pots was preferred by several workers 
(Kiesselbach, 1916, Maximov, 1929, p. 118, 
etc.). Zemcuznikov (! 924) observed that 
soil aeration was not affected by the 
sealing. However, the present author 
experienced great difficulty in growing 
normal healthy plants, particularly 
legumes, in the local alluvial soil when 
the top of tlie pot was completely sealed. 
So, it was found necessary to allow soil 
aeration, at the same time minimising 
evaporation from the soil surface by a 
sand-la} r er and a tight-fitting celotex 
cover; uncropped controls were main¬ 
tained. 

System oj initiation : Several workers 
(Leather, 1907, Montgomery and Kiessel¬ 
bach, 1912, Miller, 1938/ Bailey, 1 94o. 
Srinivasan, 1949) preferred sub-soil irriga¬ 
tion to surface watering. Different systems 
of irrigation were adopted including the 
use of auto-irrigators (Wiggin, 1937) for 
obtaining uniform distribution of moisture 
in the soil, particularly m studies relating 
to the influence of soil moisture on growth, 
transpiration and water requirement. 

Shantz (1925), almost for the first time, 
drew attention to the impossible task of 
maintaining the moisture-content of the 
soil, constant at any desired level between 
the field-capacity and the wilting co¬ 
efficient. Soon after, Veihmeyer (1927) 
vehemently criticised the results of other 
workers who correlated the growth of 
plants with soil moisture. Veihmeyer and 
his co-workers (1927, 1929, 1931, 1937, 
1941) contended (i) that the plant roots 

could freely absorb all the soil moisture 
between the field capacity and the wilting 
coefficient, and therefore growth of plants 
should he as good at the field capacity as 
at a lc\ cl above the wilting coefficient : 
«'<nd (ii) that the moisture-content could 
be maintained at any range extending 
Ii' 0111 the field capacity to a level above 
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the wilting coefficient, but never at any 
constant level below the field capacity. 
The first contention has already been dis¬ 
cussed in Part IV, section iv. It is now 
intended to examine the second conten¬ 
tion. 

“ Recent investigations indicate that 
capillary movement of soil moisture from 
moist to drier regions is very slow except 
where the water-table is within three or 
four feet of the surface ’’ said Kramer 
(1914. p. 542) in his review of the topic. 
Veihmeyer and Hendrickson (1927) de¬ 
monstrated the very slow movement of 
moisture from wet to drj r soil. However, 
Richards (1941-quoted by Kramer, 1944) 
pointed out that water movement might 
occur fairly rapidly over distances of a few 
millimetres. A pressure of 16 atmospheres 
reduced the moisture content of a soil layer 
5 to 10 mm. in thickness from saturation to 
below the permanent wilting percentage in 
24 to : >6 hours. It may be noted that the 
suction of soil water amounts to about 15 
atmospheres near the wilting point. Kramer 
(1944) remarked that Richards in his ex¬ 
periment, did not cause the moisture to 
move from moist soil into dry soil. Yeih- 
meyer and his supporters were always 
thinking in terms of movement of mois¬ 
ture from wet soil (near field capacity) to 
dry soil (air-dry). It has been generally 
agreed that capillary water in soil moves 
in thin films through the numerous, tor¬ 
tuous, interconnected capillaries of various 
dimensions; the extremely narrow capilla¬ 
ries connecting the wider channels foini 
the c bottle-necks ’. The 4 suction-mois¬ 
ture 5 curve of Schofield (1935 —quoted by 
Russell, J 950. p.356) shows two things : 
(i) the gradual slope of the curve up the 
pF scale as the soil dries up from the field- 
capacity ; the curve ascends steeply near 
about the wilting coefficient (equivalent to 
about 15 atmospheres); and (ii) the hys- 
terisis shown by the reverse curve when 
the soil is wetted. The hysterisis has been 
attributed to the choking up of the inter¬ 
connecting fine capillaries by the swelling 
of soil colloids while wetting. According 
to the cavity theory for explaining hyste- 


risis of sorption (Rao, et al, 1949), ink- 
bottle-shaped cavities are connected by 
pores of V-shape. Filling and emptying 
of the cavities are non-coincident and so 
hvsterisis is exhibited. It is perhaps due 
to the blocking of the 4 cavities ’ in the 
soil by entrapped air, which gets in at 
about the wilting point, as the soil dries 
up. into the cavities through the c empty ’ 
V-necks ; it requires greater pressure for 
the expulsion of the air (which would 
happen with gravitational water), before 
the 4 cavities 5 could get refilled, when the 
movement of moisture becomes easier. 
Thus movement of moisture from a wet 
soil (without any gravitational water) to 
air-dry soil would be quite slow, but 
from a wet soil to a relatively less 
wet soil (both above the wilting 
range), the movement of moisture should 
not be as slow as has been vehemently 
propounded by Veihmeyer and finely illus- 
strated by the photograph of a vertically 
cut pot, demonstrating the clearly defined 
wet and dry soil zones formed after 
watering air-dry soil in the pot (Hendrick¬ 
son and Veihmeyer, 1941). 


< 


It should be interesting, in this connec¬ 
tion, to go through the data given by 
Russell (1950, p. 356) relating to the suct¬ 
ion of water in the soil and its mobility 
(capillary conductivity). He concludes: 
44 The capillary conductivity of the loam 
falls off slowdy'through the suction range, 
30cm. to 6(H) cm.” ie., from about the 
field capacity to near the wilting range. 
It would mean that in the local alluvial 
loam soil, the movement of soil moisture 
within the range, field capacity to above 
the wilting coefficient, should not be as 
slow as had been suggested by Veihmeyer 
and others who depended, for their con¬ 
clusions, on a study of the movement of 
soil moisture from wet soil (near field 
capacity) to air-dry soil (much below the 
wilting point, ie., the 4 hygroscopic mois¬ 
ture ’ level). 

Very few 7 w orkers, so far, have produced 
quantitative data on the distribution of 
soil moisture in pots with different 
methods of watering. Grandfield (1941) 
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irrigated small pots, 7"x9", by forcing 
water at 50 lbs. pressure through a spiral 
tube having fine holes, embedded in the 
soil (Fig. No. XI. 1.). Two hours after 
watering, he estimated the moisture con¬ 
tent in the 1st, the 4th and the 7th inch 
layer of soil in the pot. The results show 
k small variation (1% to 2%) in the soil 
moisture at different depths. This method 
* seems to be the best so far for maintain¬ 
ing soil moisture at anv desired level 

%/ 

below the field capacity, but it is not 
known whether the spray under pressure 
would not disturb the growing roots. 

In the present studies, it has been 
shown that the irrigation method finally 
adopted for the pot-cultures (Method III) 
is fairly satisfactory, provided the follow- 
ing points are kept in view: 

(!)• Immediately after watering, a 
\ v small part of the soil, near the boundary 
of the gravel core, would certainly reach 
the field capacity, but soon the moisture 
moves away. 

f 2). The farthest distance for the 
moisture to move from the gravel core is 
less than six inches; within such short 
distances the movement of moisture should 
be rapid enough, particularly as no pat¬ 
ches of airdry soil intervene. 

(3). When the desired level of soil 
moisture is expressed in the present stu¬ 
dies as 13% or 10% or 8% (all of them below 
the field capacity), it is never meant that 
these levels are maintained constant 
throughout the soil from sowing to har¬ 
vest. The values give only the mean points 
on a range with a maximum variation of 
' plus-or-minus 2% about the mean. Even 
with an ideal type of irrigation, a constant 
level can never be maintained throughout 
the soil, particularly with a plant growing 
in it, as the soil moisture is always in a 
dynamic state. The time factor should 
N necessarily be kept in view. Even with the 
method suggested by Hendrickson and 
Veihmeyer (1941), which consists in addin* 
sufficient water to soil surface to wet the 
entire soil mass to the moisture equivalent 


(about the field capacity), the surface soil 
would remain at the moisture-equivalent 
for some time, the duration depending on 
the rate of percolation of the water standing 
on the surface of the soil. It is only after 
the entire column ofsoil is brought up to 
the field-capacity or moisture equivalent 
after complete drainage of the ‘gravita¬ 
tional water that the soil moisture can be 
said to be at the uniform level of field 
capacity. 

(4) Surface-irrigation, as suggested by 
Hendrickson and Veihmeyer (J 941), is 
quite simple but will not work with all 
soils in the pot cultures, where the sur¬ 
face soil cannot be frequently stirred. 
After each irrigation, the colloidal par¬ 
ticles of the surface soil which come up 
in suspension, later on block the pores in 
the surface soil when they settle down, 
and thus affect the percolation of water 
in future irrigations. A layer of coarse 
sand or fine gravel on the surface may 
obviate this difficulty, but, with the local 
soils, after each 5 surface irrigation, part 
of the surface soil settles down in the 
sand or gravel layer, a disturbing factor 
to be avoided. Thus subsoil irrigation is 
found to be better under local conditions. 

Baileys method (1940, also Fig No 
XI. 1) of sub-soil irrigation seems to be 
better for large containers, provided the 
outlet holes of the irrigation tubes do not 
get choked up. The present experiment 
reveals that horizontal ‘ irrigation layers’ 
of coarse sand or fine gravel may facilitate 
better distribution of soil moisture in 
deep containers than vertically placed 
irrigator-systems. But it is not known 
how the horizontal layers would disturb 
the vertical penetration of the main roots. 

(o, It should be noted that the present 
experiment has not been designed for 
s^dying in detail the distribution of soil 
moisture in pots with different irrigation- 
systems. The soil samples were taken 
from^ ‘ cropped 5 and ‘ uncropped ’ pots of 
the Transpiration studies ’, about two 
days after the final irrigation. Even so, 
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the results obtained, particularly from the 
uncropped pots, give a fair indication of 
the range of soil moisture occurring in the 
pots for the desired levels (3 3% and 10%,). 

(6) It * is certainly objectionable to 
draw conclusions regarding the relation 
between soil moisture and growth, etc., 
from pot cultures, wherein numerous 
‘ constant 5 soil moisture levels are suppo¬ 
sed to have been maintained, as was done 
by Kiesselbach (1910) and Singh and 
Singh (1930), and others. In the present 
studies, the object of 13 V, soil moisture 
level (optimum) was to grow normal plants, 
and the aim of 10% and 8% levels was to 
introduce two conditions of lowered water- 
supply. The percentage values which 
merely indicate the mean points of each 
range of soil moisture, are so used for 
convenience in expession. 

summary and conclusions 

Quantitative data were obtained on 
the distribution of soil moisture in pot 


cultures with different irrigation-systems. 
Sami les were taken from the upper and 
lower layers of the soil from two places 
in each pot. Cropped and uncropped 
pots of the 13% and 10% soil moisture 
treatments were sampled two days after 
the final watering. 

With two irrigation-systems (one on 
either side of the pot), each consisting 
of a vertical gravel-core, extending to * 
two-third of the depth of the soil, with a 
jug shaped perforated irrigator on top, 
the distribution of soil moisture was more 
uniform than with the other methods 
tried. The lower half of the soil was 
relatively more wet than the upper, but 
the differences in the soil moisture amount 
to about-f-or — 2%. The soil moisture vari¬ 
ed less, laterally than in a vertical direc¬ 
tion. 

The views of Veihmeyer and his co- 
workers regarding distribution of soil 
moisture in pots have been critically 
examined. 


PART XII 

General Summary and Conclusions* 


I. The present investigation was 
carried out during 193(>-’43 at the Punjab 
Dry Farming Research Station, Rohtak, 
to find out the suitability of the different 
crops and their strains to the dry farming 
area in the South Eastern Punjab, situat¬ 
ed on the North Eastern border of the 
Rajputana desert. 

The area receives a total annual rainfall 
of 15-20 inches, mostly during the mon¬ 
soon months of July and August. The 
intensity and distribution are erratic. 
Often the monsoon may fail altogether, 
leading to the failure of crops and to 
famine conditions. 

The year has two cropping seasons : 
(June to end of October) and Rabi (Octo¬ 
ber to April). Bajra (Pennisetum tvpboi- 


deum) and juar (Andropogon sorghum) are 
major crops during the kharif season, and 
wheat, gram (Cicer arietinum) and barley 
during the rabi season. Besides the above, 
a few legumes (Guara— Cyamopsis psora- 
lioides. Moth—Phaseolus aconitifolius) and 
oil-seeds (Brassicas and Taramira-Eruca 
sativa) are grown during the kharifand the 
rabi seasons respectively. Mixed cultures, 
like millets or cereals with legumes, arc 
also practised* 

The kharif and rabi crops generally 
experience dry weather during their 
maturity stage (post-monsoon dry weatliei 
from about the middle of September y 
during the kharif season and early summer J 
conditions in March and April during the 
rabi season). Moreover, long intermitt¬ 
ent spells of dry weather may occur 



during the crop growth. Moisture content 
of the soil (0-3 foot layer) is fairly low 
during such dry periods. 

The soils are deep and loamy and be¬ 
long to the Indo-gangetic alluvium. The 
water-table is at a depth of more than 60 
feet and the water is generally brackish. 

The experiments reported herein were 
carried out in pot cultures and relate to 
the influence of climate, adverse condi- 
tions of soil moisture, manuring with 
different low doses of farmyard compost 
with varying moisture supply, mixed 
cultures, sodium chloride in the soil, and 
of time of sowing on transpiration, growth, 
maturity and water requirements of the 
important crops of the locality and their 
strains. The treatments were planned 
with particular reference to the local 
conditions. 

Pot culture technique : Cylindrical, gal¬ 
vanised iron pots, each 12"X18" with 
35 kgms. of soil, were used in most of the 
experiments. Light loam soil (field 
capacity : about 17“,,; wilting coefficient 
about 4 C, 0 ; was pounded and sieved, mixed 
with water to bring the soil moisture to 
the desired level, and filled in the pots 
uniformly. While filling, two vertical 
gravel cores were arranged in the soil, one 
on either side. Each core carried on its 
top a jug-shaped earthenware irrigator, 
with fine holes on the sides and at the 
bottom. The soil surface was covered 
with a one inch layer of fine sand and a 
celotex cover on the top (Fig. XI. 1 ). Two 
plants were grown to maturity in each 
pot. Complete sealing of the soil surface 
was not attempted, as it was found harm¬ 
ful to growth of legumes. Uncropped 
controls were maintained. Usually five 
replications were kept for each treatment. 
The pots were placed on trollies moving- 
on rails in the glass-house. Rainwater 
was not allowed to enter the pots. The 
pots were weighed at frequent intervals 
and the losses made up. 

The system of irrigation, adopted in the 
pot cultures, liepled in a fairly uniform 


distribution of the soil moisture with a 
variation of + 2 V, from the* desired level, 
as seen from the quantitative data given 
in this connection (Part XI). The lower 
soil, however, was slightly more moist than 
the upper layer. The variation increased 
when the desired level of soil moisture 
was low. 

When the soil moisture was expressed 
as ‘ optimum ’ (13 V.) and ‘low’ (10°' or 8%) 
level in the present experiments, the per¬ 
centage values represented the mean 
points of ranges with + 2°o variation 
about the mean. 

Yeihmever’s contention that movement 
of soil moisture from a £ wet * to a : dry ; 
soil is very slow and so it is not possible 
to maintain the soil moisture at any 
desired level, is not valid for the present 
experiments wherein the pot never had 
air-dry soil at any time. The implications 
are fully discussed in Part XI. 

The influence of the different factors on • 
transpiration, growth, maturity and water 
requirements is briefly summarised. 

IT. Major crops : Bajra, juar, wheat 
and gram - Opt imam water-supply, 

1936-43. 

The results of the seven vears indicate 
that the march of transpiration by the 
major crops of t he locality, bajra and juar 
during the kharif, and wheat and gram 
during the rabi season, followed generallv 

1 — o « 

the growth characteristic of each crop. 
The early crops, bajra (relative to juar) 
and gram (relative to wheat) showed an 
earlier rise in the curve for weekly trans¬ 
piration due to quicker growth and an 
earlier fall with early maturity. The 
maximum rate of transpiration by the 
kharif crops was reached during the post- 
monsoon drought period in September ; by 
the rabi crops, during the early summer 
conditions in March. About one-half to two 
third of the total transpiration by the 
four crops occurred during the flowering 
and maturity periods. The late crops, 
juar and wheat experienced the drought 
period for a longer duration than the early 
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crops, bajra and gram, and thus the for¬ 
mer lost altogether more water by trans¬ 
piration. 

Weather Conditions influenced the trans¬ 
piration considerably during the maxi¬ 
mum foliage period, ie., during blooming 
and early maturity. It was closely related 
to the evaporating power of the air gene¬ 
rally. but when the latter went beyond a 
certain limit (about 100 cc. of evapora¬ 
tion per day from Piche’s evaporimeter), 
the response by transpiration was not 
clear. 

Total ’transpiration (mean, per pot, of 
seven years ’ data) by the four crops was: 
Kharif:—Bajra - 32.3 kgms., Juar = 42.3 
kgms ; Rabi:—Wheat = 4-2.7 kgms., Gram 
= 3 ).2 kgms. Thus the early crops, bajra 
and gram transpired altogether much less 
water than the late ones, juar and wheat 

Total dry-matter was generally lower 
for the early crops, bajra and gram than 
for juar and wheat respectively; Bajra 
yielded more grain than juar but it was 
not so for gram compared to wheat. 

The water requirement on plant basis 
was higher for the early crops, bajra and 
gram, than for juar and wheat respective¬ 
ly; the mean values for the 7-year period 
are: Kharif:—Bajra - 386, Juar = 247; 
Rabi :—Gram - 520, Wheat = 432. 

Weather conditions largely influenced 
the water requirement. Humid weather 
resulted in lowering the value, while 
drought raised the same. The variation 
in the water requirement due to climate 
was even greater than the variation due 
to crop. Moreover, the influence of the 
climate varied with the different crops 
due to the difference in the growth 
characteristics of the crops, chiefly, early 
or late nature. Intermittent droughts were 
more harmful to the early crops while the 
usual post-monsoon (kharif) or early sum¬ 
mer (rabi) dry weather adversely affected 
the late crops. 


III. Important types of the major crops: 

(Optimum water-supply ): . 

March of transpiration by the different 
tyes of each crop was related to the earli¬ 
ness in the same way as was noted for 
the different crops. The difference was 
more marked between bajra Local and A. 
1/3 (the former was earlier in earing by 3 
to 4 weeks) than between the types of 
juar, wheat and gram under study, 
because their types did not differ much 
among themselves regarding earliness. 

Bajra Local gave a higher water require¬ 
ment on plant basis than the late type, 
A. 1/3 ; the differences between the types 
of the other crops, juar, wheat and gram, 
were negligible. It is interesting to note 
that the water requirement of the late 
type of bajra, A. 1/3, was almost the same 
as that of juar ; both had similar growth 
periods. 

On grain-basis, the water requirement 
of the early type of each of the four crops 
was apparently lower than of the late 
type, because the former escaped partly 
the usual drought during the maturity 
stage of the crops. 

IV. influence of soil moisture: (i) 
Reduction of soil moisture from 
optimum to a lower level at 
different growth stages: 

Even a small reduction in water-supply 
from the optimum level resulted in an 
immediate fall in transpiration, parti¬ 
cularly when the plants were in the bloom¬ 
ing or maturity period. Reduced water- 
supply during the early stages of growth 
resulted in smaller plants with less foliage, 
thus reducing the total transpiration and 
improving the maturity. 

The pre-earing stage of bajra, juar and 
wheat was more susceptible to a reduction 
in soil moisture than the post-earing stage. 
Thus early earing tyes or crops grow 
better in the locality, as they escape 
partly the usual drought at the maturi¬ 
ty stage of the late crops or late types. 
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Water requirements of the crops were 
neither appreciably nor consistently alter¬ 
ed by a reduction in soil moisture at 
different stages of their growth. They were 
influenced more by the weather conditions. 


(ii) Major crops 
water-supply : 


Optimum and low 


Growth, maturity, rate of transpiration 
and total transpiration by the four crops, 
bajra, juar, wheat and gram were higher 
with optimum than with the low water 
supply, maintained from sowing to harvest. 
Weather conditions influenced largely the 
effect of the low water supply. 

The effect of the low water supply on 
the water requirement (on plant basis) of 
the different crops varied largely with the 
weather conditions, to a less extent with 
the soil moisture. In general, the differ¬ 
ence due to water-supply was small. 


(iii) Different types of important crops 
of the locality : (Low water-su-ppty): 

Earliness in earing or flowering among 
the different t ypes of each crop influenced 
all the characters under study The diff¬ 
erence was more pronounced between 
bajra Local (early) and A. 1/3 (late by 3 
to 4 weeks). 

Among the kharif crops, bajra matured 
better than juar. but guara and moth 
yielded more grain than even bajra. Juar 
gave the largest total dry matter. Total 
transpiration was the lowest for bajra 
and the differences between the other 
three crops were small. Water require¬ 
ments on plant basis of the two legumes 
(guara and moth) were higher than of the 
millets. Juar gave the lowest value. 

Among the four rabi crops, wheat, 
barley, gram and taramira, total dry 
matter and total transpiration were the 
highest for wheat and least for gram. 
Barley matured best and possessed the 
lowest water rsquirement, both on plant 
and on grain. Taramira was most waste¬ 
ful regarding water loss and dry matter 
formed or yield of grain. 


(iv) Bajra: Different levels of water 
supply. 

Growth and transpiration were closely 
related to the water supply, thus disprov¬ 
ing Veihmeyer’s view to the contrary. 
Water requirement on plant basis was not 
significantly altered by the levels of water 
supply, under study. It does not support 
the view held by Kiesselbach and others, 
who observed a close relationship between 
the two within limits. 

V. Manuring : 

With the low doses of manure (5 tons 
and 2^ tons of farmyard compost per 
acre', rate of transpiration, total transpi¬ 
ration, growth and maturity were slightly 
higher than by tae control. The effect of 
manuring on the water requirement was 
small and varied with the season and 
water supply. 

VI. Mixed cultures : 

Kate of transpiration, total transpira¬ 
tion, and water requirements of mixed 
cultures, cereal or millet with legume, 
were generally intermediate between the 
values for the component crops grown 
alone. Neither of the two crops of the 
mixturs give as large a y eld in mixed 
culture as when grown alone. The com¬ 
bined yield, however, may be higher than 
by either crop, grown alone. Mixture of 
a legume (guara or moth in kharif, and 
gram in rabi) with bajra (kharif) or barley 
(rabi) were found to be better than with 
juar or wheat. The legume in the mixture 
was depressed. 

If the results are calculated on equal 
plant basis for each crop, growth and yield 
of the cereal or the millet in the mixture 
were decidedly better than when grown 
alone. 


VII. Sodium chloride in soil. 

Even with a low concentration of the 
added salt (0.05% on oven-drv soil) growth 
and maturity of gram (T. 7 and I. P. 58) 
were greatly reduced, irrespective of opti- 


mum or low water supply. Rate of tran¬ 
spiration and total transpiration by the 
salt-treated plants were also lower than the 
control plants. Water requirement was 
raised by about 40% by the salt treatment. 

Varietal differences were not clear though 
I P- 58 was apparently more susceptible 
to sodium chloride than T. 7. 

VIII. Time of sowing. 

Preliminary studies indicate that late 
sown bajra (late by about 10 days) prod¬ 
uced less vegetative growth, gave lower 
yield and transpired less than the normal 
sown plants. Water requirement on plant 
of the late-sown bajra was significatly 
greater. 

IX. Size of the pot. 

Plants in bigger pots with 35 kgms. of 
soil grew better and yielded more grain 
than those in smaller pots with 23 kgms. of 
soil Rate of transpiration and total 
t ranspiration were also higher. But the 
water requirement was not significantly 
altered. This result does not support the 
conclusion of the 2 >revious workers. 

X. Correlation between weather elements 
and transpiration. 

As it was not possible to measure 
weekly the total leaf-area of the plants in 
the present series of studies, intensity of 
transpiration (ie., rate per unit leaf* area) 
could not be calculated. Weekly transpi¬ 
ration from a single pot, generally with 
two plants, was considered as the rate of 
transpiration. Thus a correlation between 
the weekly rate of transpiration from sow¬ 
ing to harvest and the weather elements 
was not possible due to the disturbing gro¬ 
wth factor. But it was noted that the leaf- 
area remained fairly constant during the 
blooming and early maturity stages of 
each crop. Correlation coefficients were 
calculated utilising the data for one year, 
between the different weather elements 
and the rate of transpiration during the 
constant leaf-area-period. 


Kharif crops : With low soil moisture 
(8%), rate of transpiration by bajra, juar, 
and guar a was highly correlated (positive) 
with the evaporating power of the air as 
measured by atmometers or Piche’s or 
Tank Evaporimeter, and with mean maxi¬ 
mum temperature. There was no corre¬ 
lation with R. H. D. at 8-40 hours or at 
I6-O0hours or mean of the two. The 
varietal or crop differences were not 
marked. 

With optimum soil moisture (18%), the 
correlation coefficient between rate of 
transpiration by bajra and the evaporat¬ 
ing power of the air was not significant. 

Rabi crop (Wheat): With the low soil 
moisture, r value between transpiration 
and the evaporating power of the air 
during the interval, 12 noon to 3 p.m., was 
significant. At other times of the day or 
even during the whole day-time (6 a.m to 
fi p.m.), transpiration was not apparently 
influenced b}^ the evaporating power of 
the air. Either the stomatal opening or 
the leaf-water-content or both seem to 
control the transpiration. 

Comparison of evaporimeter and almo- 
meters : Piche’s evaporimeter, kept in 
the Stevenson's screen, gave as good an 
indication as the white and black spheri¬ 
cal atmometers for the evaporating power 
of the air during the whole year under local 
conditions, r values between the two were 
significant during four representative 
months, August, October, January, and 
May of 1 938-’33; differences between the 
various r values were not significant. 

Conclusions. 

I. Earliness in earing and maturity is 
definitely helpful, as the plants escape 
the post-monsoon drought in the kharil 
season and early summer conditions in the 
rabi. Rate of transpiration and total 
transpiration are lower for tho early types 
or early crops than the late ones. But 
the total dry-matter is also less. The 
water requirement on plant basis is higher, 
though on grain-basis it may be lower. 
Very early types like wheat Cwn. 13 do 
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not fare as well as the medium type 
wheat 9. D. * 

2. Drought during the early growth 
period (vegetative stage) is less harmful 
to the late types than to the early ones. 
Mild weather, during the maturity stage, 
is definitely helpful to the late types. Such 
conditions are less frequent in the locality 
than the usual post-monsoon (kliarif) or 
early summer droughts (rabi), which 
adversely affect the maturity of the late 
crops and late-maturing strains of early 
crops, like bajra A. 1/3. 

3. Within limits, growth and transpi¬ 
ration are closely related to the water 
supply. But a reduction in water supply 
after the ear-emergence results in lower¬ 
ing the total transpiration without affect¬ 
ing the total dry-matter 

4. Among the four kharif crops, bajra, 
juar, guara, and moth, the first crop seems 
to be best suited to the local it w not 
because of a lower water requirement but 
due to low total transpiration consistent 
with a fair yield of grain, under adverse 
conditions of soil moisture. This characte¬ 
ristic is important under dry-farming 
conditions, as it disturbs least the soil- 
water-economy and helps a successful 
rotation. Guara and moth also possess a 
higher water requirement than juar and 
transpire altogether more water than 
bajra. Even under adverse conditions, 
they grow and mature better than the 
millets in the field because of the deep 
root-system which enables them (guara 
and moth) to tap the deeper moist layers 
of soil. However, they are not preferred 
in the locality, apparently because they 
deplete the soil moisture to great depths 
and the land has to iie fallow for one or 
even two kharif seasons for the recoup¬ 
ment of the soil moisture. 

5. Water requirement of juar is lower 
than the other three crops but due to its 
high water-loss, it disturbs the soil-water- 
economy. Because of its greater produc¬ 
tion of dry-matter, it is the best fodder 
crop din ing the kharif season. 


6. Among the rabi crops, (gram, 
barley, taramira, and wheat), gram trans¬ 
pires the least and resembles bajra of the 
kharif season. Roots of taramira go very 
deep, like those of guara and moth. Barley 
is early-maturing and has the lowest water 
requirement, on plant and on grain basis. 
Wheat transpires most and thus disturbs 
the soil-water-economy. Thus barley and 
gram are better suited to the locality. 

From the above observations, it is seen : 

(i) Water requirement on plant basis 
alone cannot help in finding out 
the suitability of a crop to the 
locality: water requirement on 
grain-basis may be helpful but it 
is more variable than the former. 

iii) The soil-water-economy should 

be kept in view so that a success¬ 
ful roation can he maintained. 


(iii) Both deep.-rooted crops and early 
maturing ones may have a higher 
water requirement on plant basis: 
they seem to be drought-escaping 
and not ‘ drought-resistant ’: it is 
perhaps helpful to select crops ( r 
their strains on the basis of rela¬ 
tively higher water requirement 
t ban on lower values. 


(iv) Barley seems to be both 'drought- 
resistant ’ (lower water require¬ 
ment) and d r o u g h t-escaping 
(early maturity). 


(v) The drought-escaping crops, 
bajra and gram, transpire heavily 
with good water-supply ; the 
water requirement also goes up. 
With low water-supply, both 
total transpiration and water 
requirement are considerably 
, till u _ 1 1 they are still 
higher than the water require¬ 
ments of the other crops under 
similar conditions. 


7. [t has been stressed by certain work¬ 
ers that water requirement on grain-basis 
is more helpful in selecting crops or their 
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strains than water requirement on whole 
plant. But the former is a much more 
variable quantity than the latter as seen 
by the standard errors. 

8. Ratios between total dry matter in 
leaves and total dry matter in plant or 
yield of grain, and total transpiration 
(‘leaf-to-grain ; or ‘leaf-to-plant’ and ‘leaf- 
to-transpiration ’ ratios) seem to be closely 
related, as observed for wheat 9D. indi¬ 
cating that transpiration and assimilation 
go hand in hand. 

9. Mixed cultures of a cereal or millet 
with a legume seem to be better than 
growing each crop separately. The total 
outturn of a mixture may be better than 
the total of the yields by each component 
crop grown alone. Some mixtures, like 
bajra+guara and barly + gram fare better 
than others. 

10. Gram is highly susceptible to salt- 
content of the soil. Even a small addition 
of sodium chloride to the soil (0.05%) 
results in a considerable decrease in trans¬ 
piration, growth and yield and an increase 
in the water requirement. 

It may not be out of place to mention 
here a common observation made on the 
field crops during prolonged drought 
periods. To begin with, the lower mature 
leaves start yellowing up, followed by 
drying ; thus very soon the lower leaves 
dry up leaving a few younger leaves at the 
top, still green. With continued drought, 
even these leaves either yellow up first, 
at least along the margins, or dry up 
straight away in a green condition, depend¬ 
ing upon the intensity of drought. It is 
felt that the chlorophyll apparatus of the 
major portion of the foliage is put out of 
action during the usual droughts, which 
constitutes normally the more important 
factor in affecting the growth and yield 
under dry-farming conditions. The yello¬ 
wing may be due to the injury to the 
protoplasm caused by low leaf-water- 
content, or to large and rapid fluctuations 
in the leaf-water-content as pointed out 
by Ilgin (1927). It was. however, suspec¬ 
ted that the injury might be caused by the 


accumulation of salts in the leaves which 
leads perhaps to the decomposition of 
chlorophyll. This view was supported by 
Dr. Mason of Trinidad, who visited the 
Research Station, while he was in the 
Punjab, studying the failure of American 
cottons However, no experimental evi¬ 
dence has been gathered. In this connec¬ 
tion. it may be interesting to mention the 
views of late Prof. B. E. Livingston 
expressed in a private communication to 
the author, dated August 9, 1938 : 

“I think it is quite probable that 
toxic substances may be produced 
in root systems that are generally 
retarded through lack of soil mois¬ 
ture and that such substances 
may move up the plant and poison 
the leaves. The decomposition 
of chlorophyll when your plants 
are being injured from drought 
might be partly or wholly due to / 
some substance coming up from 1 
the roots.” 

A little later he mentions again: 

“ I suppose toxic conditions may 
develop in a wilted leaf, just as 
I suppose they may develop in a 
wilted loot. Such conditions 
might be due to disturbance of 
the normal correlations among 
the enzymes, auxins, hormones 
etc. One might expect pheno¬ 
mena appearing like those of 
poisoning to occur whenever the 
correlation of the various physio¬ 
logical controls is upset in any 
way— as by accelerating some or 
retarding others.” 

Unfortunately it was not possible to 
obtain experimental data on these funda¬ 
mental problems at the Research Station. 

11. A high positive correlation exists 
between transpiration by the kharif crop . 
plants (grown with low water supply) and ^ 
the evaporating power of the air as also 
the maximum temporal urc, but it is inte¬ 
resting to note that, in the case of bajra, 
the correlation disappears with optimum 



water supply. Again, with low water 
supply, transpiration by wheat 9D is influ- 
enced by the evaporating power of the air, 
V only during 12 noon to 3 p.m.; there was 
v no correlation between the two at other 
times of the day. However, the above 
results are based on data of one year; the 

data of the other years are still to be cal- 
t culated. 

12. Xerophytism and drought resistance 
aie terms whose significance in crop 
physiology is still rather vague. The : xero- 
morphic’ characters of higher stomatal 
frequency, small size of stomata and 
smaller epidermal cells, were observed in 
the drought-escaping crops, bajra, guara 
and taramira, and also in the quicker¬ 
growing early types of baira and wheat 
(Bajra Local compared to A. 1 3 and 
wheat 9 D compared to 8 A *. 

Brcf. Livingston, in a private 
t communication dated March 4 . 1937 
attempts to compare the drought resistance 
of two plants on the basis of foliar trans- 

r piring power, and points out the compli¬ 
cations involved : 

;‘For example, if the foliar transpir¬ 
ing power per unit of area of one 
plant is taken as 84 0 as great as that 
of another plant, it does not follow 
at all that the transpiration rates 
per day are as 1.00 to 0.84; the first 
plant- might have a total leaf area 
twice as great as that of the second 
plant and the second might be sub¬ 
jected to an evaporativity and inso¬ 
lation influence (external) 1.5 as 
intense as the first. In such a case, 


if both plants had the same leaf 
temperature, the rates of transpirat¬ 
ion might be as 1.0 X 2 to 0 84 X 1.5, 
or as 2.0 to J.26, or as 1.00 to 0.63. 
But the mean leaf tempertures of the 
plants might be different and that 
should be tsken into account according 
to the vapour-pressure relation.—It 
is all somewhat more complicated 
and difficult than some writers 
seem to imply!’’ (The underlining was 
done by him). Elsewhere, he points 
out ‘ The only possible way to show 
that a variety is really drought resis¬ 
tant is to test this directly and prac¬ 
tically in the field.” 

A correct plysiological assessment, 
quantitative, of drought resistance is still 
to be achieved. Even then, it will remain 
theoretically important, unless it can be 
utilised by the breeders which seems to be 
doubtful, as it may not be a Mendelian 
character. Under field conditions, in dry- 
farming areas, the success of a crop de¬ 
pends on many factors as had already 
been pointed out. The values of water 
requirements or of any one factor can by 
itself be of little use in selecting crops or 
strains suited to dry-farming areas: but a 
complete picture of the march of transpi¬ 
ration, growth, maturity and water re- 
requirements under varying environmental 
conditions, along with a clear knowledge 
of the root-systems, rotations, soil-water- 
economy, etc , should enable a rational 
selection of suitable crops or strains for 
any particular locality; at least one can 
understand why certain crops or their 
strains are more successfully adapted to 
the locality than others. 
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STATEMENT I. A. WEEKLY WEATHER DATA KHAR IE SEASON. (Gontd.) 
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STATEMENT I. B. RABI SEASON. 
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STATEMENT DA. KHARIF CROPS. 

Effect of climate on Rate of Transpiration and Water Requirement > of Crops. 
(Crops grown under optimum soil moisture renditions!. 
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Transpiration (gmt.) and evaporation in c.r. 
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Total water transpired, in Kins:- 


11,940 18,020 

21,420 

28,1130 

28.060 
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58.330 
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51,613 

56,251 

37,001 

52>6 

18.220 32,770 

Sowing Date 30 - 6-36. 

12-7 

-37. 

11 7 

-38. 

29-6 

-39. 
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-40. 

20- 6 

-41 

24-6-42. 

Earing Date 20 8 100 

2218 

15)9 

30 8 

23 9 

39 

99 

28 8 

13 9 

176 

129 

15)8 69 

Dry matter formed, in gms. per pot. 
Leaves 5.7 7.9 

5.5 

16.5 

6.6 
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38.4 

28.5 

34.3 

16.1 

35.2 

15.6 31.o 

Shoot 28.4 19.4 
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165 2 

70.9 
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Grain 0.9 13.6 
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Plant 39,6 71.0 
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88.8 

51.3 
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17'1.5 
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Water Rc(|iiireinent on dry matter formed in: 
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II 

15 
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Size of pot- 12 x12 12 M2 

No. of plants 

in each pot- One One 

|>, E.: Evaporation from Picho’a evaporimetcr 
‘P’; Plants harvested. 


12x12" 

12'xir 

12x18* 

12x18* 

12x18 

12x18' 

One 

One 

Two 

Two 

Two 

Two 



Statement II. B. Rabi Crops, 

Effect of climate on Rate of Inspiration (weekly in p.) and water Requirements of crop,. (Cops grown under opt* soil moisture condition,). 
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Sowing date: 
Earing Date 


Leave* 

Shoot 

Grain 

Plant 


Total water transpired (gnu.): 

82,28? 25,164 

4—11—116 
? ? 

Dry matter formed, in pg. 
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STATEMENT IIIuA—(Kharif Crops). 

Rate of Transpiration and Water Requirements of promising types of different crops . (Crops 

grown under optimum soil moisture conditions ). 
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STATEMENT III A. (Kharif Crops) — Contd . 

9 

Rate of transpiration and Water requirements of promising types of different crops. 

(Crops grown under optimum soil moisture conditions). 
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STATEMENT III B. (Rabi Crops). 

Rale of Transpiration and Water Requirements of promising types of different crops. 

(Cropi grown under optimum soil moisture conditions). 
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STATEMENT III B. (Sabi Crops). 

Rate of Transpiration and Water Requirements of promising types of different crops . 

(Crops grown under optimum soil moisture conditions). 
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STATEMENT IV I. A —( Kharif Crops). 

Effect of reducing moisture supply at different stages of growth on Rate of Transpiration and 

Water Requirements of crops- 
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STATEMENT IV. i. B. RABI SEASON. (Contd.) 

Effect of reducing moisture supply at different stages of growth on Rate 

of Transpiration and Water Requirements of crops. 
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STATEMENT IV. i. B..KABI SEASON. (Contd.) 

Effecl of reducing moisture supply at different stages of growth on Rate 

of Transpiration and Water Requriment of crops. 
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STATEMENT IV. i. B. RABI CROPS. (Contd). 

Effect of reducing moisture supply at different stages of growth on Rate of Transpiration and 

Water Requirements of crops. 
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STATEMENT IV. ii. (Contd). 

hjject of optimum and low moisture, supply on Rate of Transpiration and 

• # 

- Water Requirements of crops. 
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STATEMEET IV. ii. (Contd). 

Effect of optimum and low moisture supply on Rate' of Transpiration 

and Water Requirements of crops . 

(B) RABI CROPS. 
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STATEMENT IV. iii. A. KHARIF CROPS. (Contd). 

Effect of lou- soil moisture supply on Rate of Transpiration and Water 

Requirements of different crops and their types. 

(KHARIF J 940). 
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STATEMENT IV. iii. A. KHARIF CROPS. (Contd). 

Effect of low soil moisture supply on Rate of Transpiration and Water 

Requirements of different crops and their types . 

(KHARIF 1941) 
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STATEMENT IV. iii. A. KHARIF CROPS. (Conti.) 

Eff ec t oj low soil moisture supply on Rate of Transpiration and Water Requirements 

°f different crops and their types. 

(KHARIF 1942). 
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Effect of manuring with F.Y.C. at 5 tons per acre on Rate of Transpiration and Water Requirement of crops. 
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Effect of manuring with F . Y. C. at 5 tons per acre on Rate of Transpiration 

Water Requirements of crops. 
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Effect of manuring with F . Y. M. at 5 tons per acre on Rate of Transpiration and 

Water Requirements of wheat. 
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STATEMENT V. i. B. RABI CROPS (Contd.) 

Effect of manuring with F. Y . C. at 5 Tons per acre on Rate of Transpiration and 

Water Requirement of wheat 

(OPTIMUM MOISTURE SUPPLY THROUGHOUT) 
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STATEMENT V. ii. A. KHARIF CROPS. 

Effect of manuring with F. Y. C . at 5 Tons per acre on Rate of Transpiration 

and Water Requirements of crops. 

(LOW MOISTURE SUPPLY THROUGHOUT) 
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STATEMENT V. ii. A. Kharif Crops (Contd). 

Effect of manuring with F. Y. C. at 5 tons per acre on Rate of Transpiration 

and Water Requirements of crops. 

(LOW MOISTURE SUPPLY THROUGHOUT) 
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STATEMENT V. ii. B. RABI CROPS. 

Effect of manuring with F.Y.C . at 5 tons per acre on Rate of Transpiration and 

Water Requirements of crops. 

(LOW MOISTURE SUPPLY THROUGHOUT). 
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STATEMENT V. in. B. (Rabi 1942-43). 

Effect of manuring with Farmyard corrrpost at 2\ tons per acre on Rate of Transpiration and 

Water Requirement of Wheat 8 A and 9 D. (Low soil moisture throughout ). 
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STATEMENT VI B 

Rate of Transpiration and Water Requirements of cereals (Wheat 9 D and 
Barley T . 4) and legume (Gram I.P.58), grown alone and in mixture\ m 

(Low moisture supply throughout) 
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STATEMENT VII. 

Effect of salt concentration (Hacl) in soil on Rate of Transpiration aud, Water Requirement of Gram. 
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STATEMENT VIII 

Effect of time of sowing on weekly Rate of Transpiration and Water Requirement of Bajra 

(optimum soil moisture supply throughout) 

BAJRA A 1/3 
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STATEMENT IX A. (Kharif Crops). 

Influence of amount of soil in the pots on Rate of Transpiration and Water Requirement of Crops. 

(OPTIMUM MOISTURE SUPPLY THROUGHOUT) 
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STATEMENT IX B. (RABI CROPS). 

Influence of amount of soil in the pots on Rate of Transpiration and Water Requirement of wheat. 

("OPTIMUM MOISTURE SUPPLY THROUGHOUT) 
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GLOSSARY. 


Cropping Seasons : — 

KharifFrom 1st June to 31st October. 
Rabi:—From 1st October to 30th April. 


Crops : Kharif:— 

Bajra:—Pearl Millet (Pennisetum typkoideum). 

JuarGreat Millet (Andropogon sorghum). 

Guara Cluster Bean (Cyamopsis psoralioides). 

Moth Dew gram (Phaseolus aconitifolius or P. trilobus). 

Rabi:— 

Wheat:—Triticum vulgare. 

BarleyHordeum vulgare. 

Gram:—Chick-pea (Cicer arietinum). 

Taramira : - Rocket (Eruca sativa) Oil seed. 

SoilLight loam soil was used in all the experiments. (Field capacity = about 17% ; 

Wilting coefficient = nearly 4%). 


Soil 


II 


oistura :— 


‘Op/ -.—Optimum (13% on oven dry basis) maitained from sowing to harvest. 

«L. V.’; _Reduced soil moisture (10%) for about four weeks for kharif crops 

and for about six weeks for rabi crops during the stem-elongation 

stage. 

4 L. E.’:—Reduced soil moisture (10%) from the time of emergence of first ear 

(millets and cereals), and opening of first dower (gram) to harvest 
of the plants, indicated by V or T in the curves for transpiration 


4 L. C.’ •—Reduced soil moisture (10%) 1st September for kharif crops and from 

middle of February for rabi crops, till the plants were harvested. 

Note :—In the above treatments, L.V., L.E., and L.C., the soil moisture was 

maintained at the optimum level (13%) level when it was not 
reduced. 


•L*:—(In Part IV. Section i): Lower soil moisture (10%) from sowing to 

harvest. 


L’:—(In Part IV. Sections ii & iii): Low soil moisture (8%) from sowing to 

harvest. 

Farmyard compost: ‘At 5 tons per acre 5 :—370 gms. of air-dry compost per pot with 

35 kgms. of air-dry soil (Calculation made on acre 4—inch soil 

basis); 0.6% nitrogen in the compost. 

$ 

Data :—Mean per pot containing one or two plants as the case may be. 

€ 

Rate of transpiration : Weekly transpiration in gms. per pot, unles otherwise stated. 

Rate of Evaporation (P.E.) : Weekly loss of water in c.c. from Piche’s evaporimeter, 

kept in the Stevenson’s Screen. 

(In 1936, mean Relative hnmidity at 8-40 hours was tabulated). 

Weeks’ :— Number of weeks after sowing. 

‘e*:—First ear-emergence. 

T First flower opens 

In the Statement of IV. i., a line below the weekly rate of transpiration 
indicates the time when the soil moisture was reduced from the optimum 
level to the lower level; if the line occurs again, it means that the soil 
moisture is raised again at this time to the optimum level. 

‘Total water transpired’: Transpiration from sowing to harvest. 

Date of earing :—Mean date (mean of the replications) when the first ear emerged, in 

the case of millets and cereals. 

Dry matter formed 

Shoot —Includes all the above ground portion of the plant, incidentally the 
grain also. 

Grain:—Air dry weight. 

The values for leaves, shoot & plant were on oven dry basis. 

Water requiremnt:—Total water transpired (in gms.) from the time of sowing 

up to harvest to produce 1 gms. of dry matter in ‘ leaves shoot ’ grain 
or ‘ plant respectively. In the case of grain, air-dry weight was considered ; 

in others, oven-dry weight. 

Standard errors were calculated for most of the values on water requirement and are 

included in the statements as +. figures below the respective values for water 

requirement. 

Number of replications :—Four or five ; the actual number is given in the text for 

each experiment. 
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Pagi. 

m m • 

I. Weekly weather data during the kharif and rabi seasons of 

1936- 43 ••• ••• 1 

II. March of transpiration, total transpiration, dry-weight of plant, 
yield of grain and water requirements, during 1936—’43, of 

1. Bajra ; 2. Juar ; 3. Wheat and Gram ... ... 2 & 3 

(With optimum soil moisture) 

III. March of transpiration, etc., with optimum soil moisture, of im¬ 
portant types of bajra, juar, wheat and gram (1936-’40) ... 4 

IV. i. With reduction in soil moisture from optimum (13° 0 ) to a lower 

level (10%) at different growth stages (Refer Part IV. i. for 
details) : 


Weekly transpiration by 

1. Bajra and Juar (1936, ’37 & ’38) 

2. „ „ (1939) 

3. Total transpiration, etc., by bajra and juar (1936-’39) 
Weekly transpiration by wheat and gram during :— 

4. 1936-’37 and 1937-’o8 

6. 1938-39. 

• • • 

6. 1939-40 

7. Total transpiration, etc., by wheat and gram (1936-40) 

IV. ii. With optimum (13%) and lew (8%) soil moisture: march 

of transpiration, total transpiration, etc., of 

1. Bajra and Juar 

y • • • • • • 

2. Wheat and Gram 


4 

4 

5 

5 

6 
6 
7 

7 

8 
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IV. iii. With low (8%) soil moisture : 

Kharif crops: 

March of transpiration by 

1. Bajra, Juar, and Guara : 1940 


tV. iv. 


Wo* 


2 . 

3. 


3 3 


n 


33 


3 3 


3 3 


1941 


3 years 


>> & Moth: 1942, and mean of 


• • 


4. Total transpiration, etc., of the above crops (1940 
Rabi crops: 

March of transpiration by 
o. Wheat, gram & barley (1940-4J) 


• • • 


33 


3 » 


(1941-42) 


& taramira, (1942-43): and mean of 


« , 

7 - „ 

three years (1940-4*) 

* - - - 

8. Total transpiration, etc., by wheat, gram, barley ( 1940-41 
to 1942-43); taramira (1942-43); and mean of three years ... 

March of transpiration, total transpiration, etc., by Bajra, with 
different levels of soil moisture 


10 


10 


-1942; ... 11 


11 

12 


12 


13 


13 


^ ' ** With optimum soil moisture (13 0 ), ami farmyard compost at 
5 tons per acre • 



1939) 

March of transpiration by wheat 8 A and 9D 
3. Total transpiration, etc, 


14 

14 

14 


V. ii. With low soil moisture (8%) and farmyard compost, at 5 tons 
per acre :— 

1. March of transpiration by bajra and juar ... ... ]5 

2. March of transpiration by wheat ... ... 15 

3. Total transpiration, etc., by bajra, juar and wheat ... 15 

V. iii. With low soil moisture (8%) aud farmyard compost at 21 
tons per acre :— 

1. March of transpiration, total transpiration, etc., by Bajra 

and wheat ... ... 16 
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VI. With low soil moisture (8° 0 ) : 

Kharif crops: Bajra and Juar (millets). Guara and Moth 
(legumes): Grown singly and in mixture : 

1. March of transpiration 
, 2. Total transpiration, etc. 

Rabi crops: Wheat, barley (cereals), and gram (legume) grown 
singly and in mixture : - 

3. March of transpiration 

4. Total transpiration, etc. 

Note: ‘ Actual ’ :—Values obtained from the experiment. 

c Calculated ’ ;—Expected values on equal plant basis. 

(Refer to the text in Part VI for details). 

VII. With optimum (1 3%) and low (8 J soil moisture: Effect ot 
0.05°. NaCl in soil on transpiration, etc., of gram types 

VIII. Effect of time of sowing on transpiration, etc., of bajra 

IX. Effect of the size of pots on transpiration, etc., ol 

1. Bajra and Juar 

2. Wheat 

XI. I. Irrigation svstems adopted bv different workers and bv the 

O • 1 • 1 

present writer for pot culture studies 

Methods II : e: wax-weal: b : — pot-cover; <•:—cover for 
irrigator ; g : -flower pot (irrigator) : h : soil ; i : -gravel-core. 
Method III : a pot-cover ; b :— irrigator ; c : -pot-hook. 

Method IV : m,m ;—irrigating tubes ; t : -outlets of the tubes ; 
w :—sand layer. 

Methods : I to 4 : 

1: a:—pot-hook : b :—gravel-layer on the soil surface; i: 
irrigator ; g : gravel-core ; p : - plant. 

2 : s : sand-corc. 

3 & 4 : a :—celotex-cover ; s : sand layer : i:—irrigator : g : 
gravel-core; c ; — outlet for the pot. 

2. Top view of the pots with different methods of irrigation adop¬ 
ted by the writer, showing the spots for soil-bores for soil 
samples. 

Note: i. irrigator : s : sand core ; b : —bore ; p : plant. 


Page 


Note : 


XL 


Id 

16 


17 

17 


1 


T 

/ 


18 


18 


HI 


19 


19 


254 



LEGEND FOR PLATES 


1. Punjab Dry Farming Research Station, Rohtak : meteorological 
observatory in the mid-foreground ; pot-culture house in the left 
background, and Research Station in the background. 

2. Bajra and juar plants growing with optimum soil moisture in pots 
kept on trolleys which are in t he roofed portion of the glass-house ; 
the steel-yard for weighing the pots; note the vigorous growth of 
the plants; uncropped controls are also seen. 

3. A close-view of the bajra plants ; more than 6 feet tall. 

4. Gram plants growing vigorously in pots with optimum soil moisture. 

5. Wheat plants growing with optimum soil moisture ; uncropped 
controls are also seen. 

6. Rabi crop plants (wheat, barley, gram, and taramira) growing in pots 
with low soil moisture; the trolleys are in the roofed portion of the 
glass-house; black and white spherical atmometers near the trolleys. 

7. Same as above; trolleys in the ‘ open : protion of the pot-culture 
house, which is enclosed by wire-netting; the door of the pot-culture 
house is seen behind. 

• • • 

8. Same as above ; trolleys in the ‘ open ’ portion of the pot-culture 
house with the roofed portion in the background. 

9. Six-week old plants of wheat varieties 8 A, C.518, 9 D, and Cwn. 13 
growing in pots with low soil moisture ; Cwn 13 is the earliest and 
8 A last to ear. 

• • • ... 

10. Root-systems of bajra varieties growing in the fields ; note the 
balanced root-system of the early type. Local, regarding spread and 
depth, compared to these of the late types, A 1/3 and 61 21* the 
latter are spreading more, with less of penetration. 
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